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1 

PLASTICALLY DEFORMING AND RADIALLY EXPANDING AN EXPANDABLE 

TUBULAR MEMBER 

This itwentlon relates generally to plastlcally deforming and radially expanding 
an expandat}le tubular member. 
5 Background of the Invention 

Conventionally, when a weilbore Is created, a number of casings are installed in 
the borehole to prevent coOapse of the borehole wall and to prevent undesired outflow 
of drilling fluid Into the fonmaUon or inflow of fluid from the formation into the borehole. 
The borehole Is drilled In Intervals whereby a casing which Is to be Installed in a lower 

10 borehole Interval is lowered through a previously Installed casing of an upper borehole 
Interval. As a consequence of this procedure the casing of the lower interval is of 
smaller diameter than the casing of the upper Interval. Thus, the casings are In a 
nested arrangement with casing diameters decreasing in downward direction. Cement 
annul! are provided between the outer sur^oes of the casings and the borehole wall to 

15 seal the casings from the borehole wall. As a consequence of this nested arrangement 
a relatively large borehole diameter Is required at the upper part of the weilbore. Such 
a large borehole diameter Involves increased costs due to heavy casing handling 
equipment, large drill bits and increased volumes of dniling fluid and drill cuttings. 
Moreover, increased drilling rig time is involved due to required cement pumping. 

20 cement hardening, required equipment changes due to large variations in hole 

diameters drilled in the course of the well, and the large volume of cuttings drilled and 
removed. 

The present invention is directed to overcoming one or more of the limitations of 
the ffidsUng procedures for fomiing new sections of casing in a weilbore. 
^ Summary of the Invention 

According to the present invention there is provided a method of plastically 
delbnning and radially expanding an expandable tubular member using an apparatus 
comprising a tubular support member, an adjustable expansion device movaWy 
coupled to the tubular support member, and an actuator movably coupled to the tubular 
30 support member for adjusting the adjustable expansion device, corrvirlslng: 

coupling a first end of the expandable tubular member to a tubular stnicture; 
Inserting the apparatus into the first end of the expandable tubular member in a 
first direction; 

displacing the actuator of the apparatus in a second direction opposite to the 
35 first direction; 

applying e resilient biasing force to the adjust able expansion davicfl in thA 
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second direction; 

moving the actuator and the adjustat)le expansion device of the apparatus out 
of a second end of the expandable tubular meniber; 

iBlnserting the actuator of the apparatus into the second end of the expandable 
5 tubular member In the second direction; 

increasing the outside diameter of the adjustable expansion device by 
displacing the actuator and the adjustable expansion device relative to the expandable 
tubular member in the first direction: and 

plastically deforming and radially expanding the expandable tubular member by 
10 moving the adjustable expansion device through the expandable tubular nnember in the 
second direction. 

Preferably, displacing the actuator of the apparatus in the second direction 
comprises: 

impacting the actuator with the first end of the expandable tubular member 
15 Preferably, displacing the actuator and the adjustable expansion device relative 

to the expandable tubular member in the first direction comprises: 

Impacting the actuator with the second end of the expandable tubular member. 
Preferably, moving the adjustable expansion device through the expandable 
tubular memtier comprises: 
20 pulling the adjustable expansion device through the expandable tubular member. 

Preferably, the method further comprises: 

fiuididy sealing the interftice between the tubular support member of the 
apparatus and the expandable tubular member; 

wherein moving the adjustable expansion device through the expandable tubular 
25 member comprises: 

injecting a pressurized fluid into the tubular support member. 
According to another aspect of the present invention there is provided an 
apparatus for plastically deforming and radially expanding an expandable tubular 
member, comprising: 
30 a tubular support member; 

an adjustable expansion device nrx>vably coupled to the tubular support memt>er, 
actuating means for actuating the adjustable expansion device; 
means for displacing the actuating means of the apparatus In a first direction; 
means for applying a resilient biasing force to ttie acQustable expansion device 
35 when ttie actuating means is displaced in ttie first directim; 



means for increasing the outside diameter of the adjustable expansion device by 
displacing the actuating means and the adjustable expansion device relative to the 
mpandabie tubular member In a second direction opposite to the first direction. 

Preferably, the means for displacing the actuating means of the apparatus in the 
first direction comprises: 

means for impacting the actuating means. 

Preferabiy. the means for displacing the actuating meara and the adJiefaUe 
expansion device relative to the expandable tubular member in the second direction 
comprises: 

means for Impacting the actuating means. 

Brief Description of the Orawinge 
Figs. 1 and la-Id are firagmentary cross-sectional views of an embodiment of 
the placement of an apparatus for radially expanding a tubular member within a tubular 
member within a borehole within a subterranean fbnnation. 

Fig. 1e is a cross-sectionai view of an embodiment of the expansion cone 
support body of the apparatus of Figs. 1 and 1a-1d. 

Fig. If is a cross-secUonal view of the expansion cone support body of Fig. 1e. 



Fig. 1g is a side vievir of an embodiment of an expansion cone segment for use 
in the apparatus of Figs. 1 and 1a-1d. 

Fig. 1h is a front view of the expansion cone segment of Fig. 1g. 

Fig. 1i is a top view of the expansion cone segment of Fig. 1g. 
5 Fig. 1j is a top view of an embodiment of interlocking expansion cone segments 

for use in the apparatus of Figs. 1 and la-Id. 

Rg. lie is a lop fragmentary drcumfersntlal view of an embodiment of the 
coupling arrangement between the expansion cone segments and the spiit ring ooiiar 
for use In the apparatus of Fgs. 1 and 1a-1d. 
1 0 Rgs. 1 1 and 1 m are top schematfc views of an embodiment of the coupling 

between the J-slots of the drag blocks and the tugs of the tubular support member of 
the apparatus of Figs. 1 and 1a-1d. 

Figs. 2 and 2a-2d are frs^mentary cross-sectional illustrations of the apparatus 
of Rgs. 1 and 1a-1d during the radial expansion of the tubular member witMn the 
1 5 borehole within the subterranean formatk>n. 

Rgs. 2e and 2f are illustrations of an embodiment of the J-slots of the drag 
blocks and the lugs of the tubular support member of the apparatus of Figs. 2 and 2a- 
2d. 

Rgs. 2g and 2h are illustrations of an alternative embodiment of the J-slots of 
20 the drag blocks and the lugs of the tubular support member of the apparatus of Figs. 2 
and2a-2d. 

Rgs. 3 and 3a-3c are fragmentary cross-sectional illustratk>ns of an 
embodiment of the placement of an apparatus for radially expanding a tubular member 
within a wellbore casing within a subterranean formation. 
25 Fig. 3d is a cross-secBonal view of an embodiment of the expansion cone 

support body of the apparatus of Figs. 3 and 3a-3a 

Fig. 3e is a aDss-6ectfc)nal view of the expansion cone support body of Fig. 3d. 

Fig. 3f is a side view of an embodiment of an expansfem cone segment for use 
in the apparatus of F^. 3 and 3a-3c. 
30 Fig. 3g is a front view of the expansion cone segment of Rg. 3f. 

Fig. 3h is a top view of the expansion cone segment of Rg. 3f. 

Rg. 3i te a top view of an embodiment of interk)cking expansion cone segments 
for use in the apparatus of Rgs. 3 and 3a-3c. 

Fig. 3j is a top fragmentary ctrcunrferential view of an embodiment of the 
35 coupling arrangement between the expansion cone segments and the split ring collar 
for use in the apparati^ of Rgs. 3 and 3a-3c. 



Figs. 4 and 4a-4d are fragmentaiy cross-sectional illustrations of an 
ennbodiment of the placement of the apparatus of Rgs. 3 and 3a-3c including an 
expandable tubular member within an expandable tubular member within a 
subterranean formation. 

Rgs. 5 and 5a-5d are fragmentary cross-secdonal Illustrations of an 
embodiment of the operation of the apparatus of Hgs. 4 and 4a^ during the radial 
expansion of the expandable tubular member within the borehole within the 
subterranean formation. 

Figs. 6 and 6a-6d are fragmentary cross-sedionai Oiustrations of an 
embodiment of the placement of an apparatus fbr radially expanding a tubular member 
within a borehole within a sublenranean formation. 

Fig. 6e is a cross-sectlonal view of an embodiment of the expansion oone 
support body of the apparatus of Figs. 6 and 6a^. 

Fig. 6f is a cross-secflonal view of the expansion cone support body of Fig. 6e. 
Rg. 6g is a side view of an embodiment of an expansion oone segment for use 
m the apparatus of Rgs. 6 and 6a-6d. 

Fig. 6h is a front view of the expansion cone segment of Rg. 6g. 
Rg. 6i is a top view of the expansion cone segment of Fig. 6g. 
Fig. 6j is a top view of an embodiment of interlocking expansion oone segments 
fbr use in the apparatus of F^s. 6 and 6a-6d. 

Fig. 6k is a top fragmentary ctrcumferenUal view of an embodiment of the 
coupling anangement between the expansion cone segments and the split ring collar 
for use In the apparatus of Rgs. 6 and 6a-6d. 

Figs. 7 and 7a-7c are finagmentary ao8»«ectionai iflustratlons of an 
embodiment of the placement of the apparatus of Figs. 6 and 6ft«d including an 
expandable tubular member within a borehole within a subterranean fbnnation. 

Rgs. 8 and 8a-8d are finagmentary cross-secUonal illustrations of an 
embodiment of the operation of the apparatus of Rgs. 7 and 7a-7d during the radial 
expansion of ttie expandable tubular member wiUiin a borehole within a subterranean 
formation. 

Fig. 9 Is a fragmentary cross sectional iilustratfon of an embodiment of an 
expansion cone assembly in an unexpended position. 

Rg. 9a is a cross sectional illustration of ttie expansion cone assembly of Rg. 9. 

Fig. 10 is a fragmentary cross sectional illustration of the expansion cone 
assembiy of Fig. 9 In an expanded position. 



Fig. 10a is a cross sectional illustration of the expansion cone assembly of Fig. 

10. 

Rg. 1 1 1s a ftagmentary cross sectional Illustration cf an embodiment of an 
expansion cone assembly in an unexpended position. 

5 Fig. 11a Is a cross sectional illustration of the expansion cone assembly of Fig. 

11. 

Fig. 12 is a firagmentary cross sectional illustration of the expansion cone 
assembly of Fig. 11 in an expanded position. 

Fig. 12a is a cross sectional illustration of the expansion cone assembly of Fig. 

10 12. 

Rg. 1 3 Is a firagmentary cross sectional lliusfration of an embodiment of an 
expansion cone assembly In an unexpended position. 

Fig. 1 3a Is a cross sectional lUustiation of the expansion cone assembly of Fig. 

13. 

Rg. 13b e a firagmentary top circumferential Illustration of the expansion cone 
segment assembly (rf Fig. 1 3 that illustrates the Intertoaved sets of collets. 

Fig. 1 3c Is a fragmentary cross sectional illustration of the interleaved collets of 
Rg. 13b. 

Rg. 14 Is a fragmentary cross sectional Illustration of the expansion cone 
assembly of Fig. 13 in an expanded position. 

Rg. 14a is a cross sectional illustration of the expansion cone assembly of Fig. 

14. 

Rgs. 15 and 15a-15c are fragmentary croes-sectlonai illustrations of an 
embodiment of the placement of an apparatus for radial^ mpanding a tubular m«nber 
within a borehole within a subterranean formation. 

Rg. 1 5d Is a cross-secUonal view of an embodiment of the expansion cone 
support body of the apparatus of Figs. 15 and 15a-15& 

Fig. ISe is a crosa-secUonal view of the expansion cone support body of Rg. 

15d. 

Rg. 1 Sf Is a side view of an embodiment of an expansion cone segment for use 
In the apparatiB of Rgs. 15 and 15a-1 5c. 

Fig. ISg is a front view of the expansion cone segment of Fig. 15f. 
Rg. 15h is a top view of the expansion cone segment of Rg. 15f. 
Rg. 15i Is a top view of an embodiment of Interlocking expansion cone 
segments for use In the apparatus of F^. 15 and 15a-15& 



Fig. 1 5J is a top fragmentary circumferential view of an eml)odlment of the 
coupling arrangement tietween the expansion cone segments and the split ring collar 
for use In the apparatus of Figs. 15 and 15a-15c. 

Figs. 16 and 16a-16c are ftagmentaiy cross-sectional niustrations of an 
embodiment of the placement of the apparatus of Figs. 1 5 and 15a-15j including an 
expandable tubular member within a borehole wflhin a subterranean formation. 

Figs. 17 and 17a-17c areliagmentaiy cross-sectional illustrations of an 
embodinwnt of the operation of the apparatus of Figs. 16 and 16a.16c during the radial 
expansion of the expandable tubular member within a borehole within a subtananean 
formation. 

Fig. 18a Is a cross sectional illustration of an embodiment of a segmented 
expansion cone assembly in an unexpended position. 

Rg. 16b is a firagmentary drcumferential top illustration of the expansion cone 
and split ring collar of Fig. 18a. 

Fig. 18c is a fragmentary cross-sedjonal illustration of the expansion cone 
support flange of the expansion cone assembly of Fig. 18a. 

Fig. 18d is a cross-sectional lllustFatlon of the expansion oone support flange of 
Rg.18c 

Fig. 19a is a cross sectional inustration of an embodiment of the segmented 
expansion cone assembly of Fig. 18a in an expanded position. 

Fig. 19b is a fragmenlaiy circumferential top view of the expansion cone of Fig. 

198. 

Figs. 20a-20m are top circumferential views of various alternative embodiments 
of interiocking expanston oone segment geometries. 

Detailed Description of the lliustratlve Embodlmenta 
Referring Initially to Figs. 1 and la-Id, an embodiment of an apparatus and 
method for radially expanding a tubular member will now be described. As Hiustrated In 
Figs. 1 and 1a-1d. a wellbore 100 is positioned In a subterranean formatfon 105. In an 
exemplary embodiment, the wellbore 100 nriay Include a pre-existing cased section 
1 10. The wellbore 100 may be positioned in any orientation lirora vertical to horizontal. 

In order to extend the wellbore 100 Into the subterranean fbmiation 105. a drill 
string is used in a well known manner to drill out material from the subtenanean 
fbmiation 105 to form a new wellbore sectton 1 15. In a preferred embodhient. the 
Inside diameter of the new wellbore section 1 1 5 is greater than or equal to the Inside 
diameter a the preexisting wellbore casing 1 10. 



A tubular member 120 defining a passage 120a may then be positioned within 
the wellbore section 1 15 with the upper end 120b of the tubuiar member coupled to the 
wellbore casing 1 10 and the lower end 120c of the tubular member extending into the 
wellbore section. The tubular member 120 may be positioned within the wellbore 
5 section 115 and coupled to the wellbore casing 110 in a conventional manner. In a 
preferred embodiment, the tubular member 120 is positioned within the wellbore 
section 1 1S and coupled to the wellbore casing 110 using one or more of the methods 
and apparatus disdosad In one or more of the fbilowing: (1 ) U.S. patent application 
serial no. 08/454,139, attorney dodcet no. 25791.03.02. filed on 12/3/1999, (2) U.S. 

10 patent application seriaf no. 09/51 0.91 3. attonwy dodcet no. 25791 .7.02, filed on 
2/23/2000, (3) U.S. patent application serial no. 09/502,350, attorney docket no. 
25791.8.02, filed on 2/10/2000, (4) U.S. patent application serial no. 09/440,338. 
attorney dodcet no. 25791.9.02, filed on 11/15/1999, (5) U.S. patent application serial 
no. 09/523,460. attorney dodcet no. 25791.1 1.02, filed on 3/10/2000, (6) U.S. patent 

IS application serial no. 09/512.895. attorney dodcet no. 25791.1Z02. filed on 2/24/2000. 
(7) U.S. patent application serial no. 09/51 1 .941 , attorney dodcet no. 25791.16.02. filed 
on 2/24/2000. (8) U.S. patent application serial no. 09/588.948, attorney dodcet no. 
25791 .17.02, filed on 6/7/2000, (9) U.S. patent application serial no. 09/559.122. 
attomey dodcet no. 25791.23.02, filed on 4/26/2000. (10) PCT patent application serial 

20 no. PCr/USOO/18635. attomey dodcet no. 25791 .25.02. filed on 7/9/2000. (1 1 ) U.S. 
provisional patent application serial no. 60/162.671. attorney dodcet no. 25791.27. filed 
on 1 1/1/1999. (12) U.S. provisional patent application serial no. 60/154,047. attomey 
dodcet no. 25791.29, filed on 9/16/1999. (13) U.S. provisional patent application serial 
no. 60/159.082. attorney docket no. 25791.34. filed on 10/12/1999. (14) U.S. 

25 provistonal patent applicatton serial no. 60/159.039, attomey docket no. 25791.36. filed 
on 10/12/1999. (15) U.S. pn»^nal patent appiteatlon serial no. 60/159.033, attomey 
docket no. 25791.37, filed on 10/12/1999, (16) U.S. provistonai patent applicatton serial 
no. 60/212.359. attorney docket no. 25791 .38, filed on 6/19/2000. (17) U.S. provistonai 
patent applicatton serial no. 60/165,228. attomey dodcet no. 25791.30. fHed on 

30 1 1/12/1999. (18) U.S. provistonai patent application serial no. 60/221.443, attomey 
dodcet no. 25791.45, filed on 7/28/2000, (19) U.S. provtetonal patent application serial 
no. 60/221,645, attorney docket no. 25791.46. filed on 7/28/2000. (20) U.S. provisional 
patent application serial no. 60^33,638, attomey dodcet no. 25791.47. filed on 
9/18/2000, (21) U.S. provisional patent applicatton serial no. 60/237,334. attomey 

35 dodcet no. 25791 .48, filed on 1 0/2/2000, (22) U.S. provisional patent application serial 
no. 60/270.007. attorney docket no. 25791.50, filed on 2/20/2001: and /23) U.S. 



provistonal patent application serial no. 6(V262.434. attorney dod<et no. 25791.51. filed 
on 1/17/2001; and (24) U.S. provisional patent application serial no. 60/259.486. 
attorney docket no. 25791.62. fPed on 1/3«001.it»edi8closuiB8 of which are 
incorporated herein t>y reference. 

As illustrated in Figs. 1 and la-ld. an apparatus 200 fbr radially expanding a 
tubular member may then be positioned in the new section 115 of the vveUboie 100 
within the tubular member 120. The apparatus 200 includes a tubular support member 
205 defining an Intemal passage 205a that is coupled Id an end of a tubular coupling 
210 defining an intemal passage 210a. The other end of the tubular coupling 210 Is 
coupled to an end of a tubular support member 215 defining an intemal passage 21Sa 
that includes a first lug 215b, a radial passage 215c a first flange 215d. a second 
flange 21 5e. a second lug 215f. and an expansion cone support body 215g. The other 
end of the tubular support member 215 is coupled to a tubular end stop 220 that 
defines a passage 220a. 

As illustrated in Figs. 1e and If, the expansion cone support body 215g 
includes a first end 215ga. a tapered hexagonal portion 215gb that Includes a plurality 
of T-shaped slots 215gba provided on each of the external faceted surfaces of the 
tapered hexagonal portion, and a second end 215gc. In an exemplary embodiment, 
the angle of attack of the tapered hexagonal portion ranges from about 35 to 50 
degrees for reasons to be described. 

As lllustratBd In Figs. 1. 1a-1d, 1g. lh. and II. a plurality of expansion cone 
segments 225 are provided that include firet ends 225a that Include T^ihaped retaining 
members 225aa and second ends 225b that inchide T-shaped retaining members 
225ba that mate with and are received within conesponding T-shaped slots 215gba on 
the tapered hexagonal portton 21Sgb of the expanskm cone support body 215g. first 
external surfeces 225bb. second external surfeoes 225bc. and third external suifeoes 
225bd. Thus, in an exemplary embodiment a total of sbc expanskm oone segments 
225 are provided that are slidably coupled to conesponding sides of the tapered 
hexagonal portion 215gb of the expansion cone support body. 

In an exemplary embodiment, the widths of the first external surfaces 225bb of 
the expansion cone segments 225 increase in the directfon of the second external 
surfaces 225bc the widths of the second external surfaces are substantialty constant, 
and the widths of the third external surfaces 225bd decrease in the direction of the first 
ends 225a of the expanskm oone segments fbr reasons to be described, in an 
exemplary embodiment, the first external surfeoes 225bb of the expansion oone 
segments 225 taper upwardly in the diredton of the s econd axtemai — ^oo«w. 



10 



the second external surbces taper upwardly In the direction of the third external 
surfaces 225bdt and the third external surfaces 225bd taper downwardly in the 
direction of the first ends 225a of the expansion cone segnnents for reasons to be 
described. In an exemplary emt)odlment. the angle of attack of the taper of the first 
5 external surfaces 22Sbb of the expansion cone segments 225 are greater than the 
angle of attadc of the taper of the second external surfaces 225ba In an exemplary 
ismbodlment, the first and second external surfaces, 225bb and 225bc, of the 
expansion cone segments 225 are arcuate such that wtien the expansion cone 
segments 225 are displaced In the direction of the end slop 220. the first and second 

10 external surfaces of the expanskxi cone segments provide a substantially continuous 
outer drcumferential surface for reasons to be descrft)ed. 

As illustrated in F^. 1J, In an exemplary embodiment, the external surfaces. 
225bb, 225bc and 225bd. of the second ends 225b of the expansion cone segments 
225 are adapted to mate with one another in order to interlodc adjacent expansion 

15 cone segments. 

As illustrated in Figs. 1. 1a-1d, and lie, a spHt ring collar 230 that defines a 
passage 230a for receiving the tubular support member 215 is provided that Includes a 
first end that includes plurality of T-shaped slots 230b for receiving and mating with 
corresponding T-shaped retaining members 225aa of the expansion cone segments 

20 225 and a second end that includes an L-shaped retaining member 230c. In an 
exemplary embedment, the spilt ring coflar 230 Is a conventional split ring collar 
commercially available from Halliburton Energy Services modified in accordance with 
the teachings of the present disclosure. 

As illustrated In Figs. 1, 1a-1d, and Im, a drag block assembly 235 that defines 

25 a passage 235a for receiving the tubular support member 215 is provkled that includes 
a first end that includes an L-shaped slot 235b for receiving and mating with the L- 
shaped retaining member 230c of the split ring collar 230, one or mora conventional 
drag block elements 23Sc, and a J-shaped slot 235d including a retaining slot 235da 
for receiving the second lug 21 5f of the tubular support member 21 5. In an exemptary 

30 embodiment, the tongitudlnal axis of the J-shaped ^t 235d of the drag bkxdc assembly 
235 is sub^ttaliy paraDei to the tongitudlnal axis of the tubular support member 21 5 
for reasons to be described. 

A first oonventtonai packer cup assembly 240 that define a passage 240a for 
' receiving the tubular support member 215 includes a first end 240b that mates with the 

35 second flange 21 5e of the tubular support member, a conventtonal sealing cup 240c 
arul a second end 240d. A tubular spacer 245 that drtnes a parage 245a for 
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receiving the tubular support member 215 Includes a first end 245b that mates with the 
second end 240c of the first packer cup assembly 240 and a second end 245c A 
second conventional packer cup assembly 250 that defines a passage 250a for 
receiving the tubular support member 215 includes a first end 250b that mates with the 
second end 245c of the spacer 245, a conventtonal sealing cup 250c and a second 
end 250d that mates with the first flange 215d of the tubular support member. 

As iliustratad In Figs. 1, la-Id. and II. a dreg block assembly 255 that defines a 
passage 255a for receiving the tubular support member 215 Is provMed that includes a 
first end that includes sealing membere. 255b and 255c. one or more conventkmal drag 
btock elements 255d, and a J«haped stot 2S5e including a retaining slot 255ea for 
receiving the firet lug 215b ofthe tubular support member 215. In an exemplary 
embodiment, the longitudinal axis of the J-shaped slot 255e of the drag block assembly 
255 is substantially parallel to the kxigitudlnal axis of the tubular support member 21 5 
for reasons to be described. 
15 In an exemplary embodiment, during operation ofthe apparatus 200, as 

illustrated in Figs. 1 arid 1a-1m, the apparatus may be positioned In the wellbore 115, 
within the tubular member 120, with the first and second lugs. 215b and 215f. 
respectively, positioned within the retaining slots. 255ea and 235da. respectively, ofthe 
J-stets, 255e and 235da. rsspedlveiy. of the drag block assembly 255 and 235, 
respectively. In this manner, the drag block assembly 235 is maintained in a 
substantially stattonary position relative to the tubular support member 215 thereby 
preventing the expanston cone segments 225 from being displaced downwardly In the 
longitudinal directton relative to the tubular support member 215 towards the end stop 
220. Furthemnore. In this manner, the drag btock assembly 255 is also maintained in a 
substantially stattonaiy position relative to the tubular support member 215 thereby 
preventing the drag btock assembly from sealing off the radial passage 215c. in an 
exemplary embodiment, during the placement of the apparatus 200 within the wellbore 
1 15 and the tubular member 120, the radial passage 215c permits fluldte materials 
outsWe of the tubular support member 215 to pass Into the passage 215a thereby 
minimizing overpressure condlttons within the annulus outstoe of the tubular support 
memtwr. 

In an exemplary embodiment, the apparatus 200 Is positioned within the 
expandable tubular member 120 such that the expansion cone body 215g, the end 
stop 220, and the expanston cone segments 225 extend out of the expandable tubular 
member. In this manner, the expanston cone segments 225 may be driven up the 
tapered hexagonal portton 215gb of the exoanston t^t^uo^f^^ «k^^k„« 



the outside diameters of the expansion cone segments, without impacting the 
expandat>le tubular memt)er 120. 

The tubular support member 215 may then be rotated relative to the drag block 
assembUes, 235 and 255. thereby displacing the lugs, 215f and 215b. with respect to 

5 the J-shaped slots. 235d and 255e, respectively. The tubular support member 21 5 
may then be displaced upwardly relative to the drag block assemblies. 235 and 255, in 
the kmgitudinal direction thereby displacing the drag bkxk assemblies downwardly 
relative to the tubular support member. During the longitudinal upward displacement of 
the tubular support member 215 relative to the drag bkxA assemblies, 235 and 255, 

10 the drag block assemblies, 235 and 255, are maintained In a substantially stationary 
position with respect to the expandable tubular member 120 by the frictional forces 
exerted by the drag blocks, 235c and 255d, of the drag block assemblies on the 
expandable tubular member, and during the upward bngitudinal displacement of the 
tubular support member 215 relative to the drag bkx^k assemblies, the lugs. 21 5f and 

IS 215b, are guided in a substantially longitudinal direction by the J-slots. 235d and 255e. 
respectively, of the drag block assemblies. 

The downwanl longltudinal displacement of the drag bk>ck assembly 235 
relative to the tubular support member 215 displaces the split ring collar 230 
downwardly along with the expanston cone segments 225. As a result, the expansion 

20 cone segments 225 are driven up the tapered hexagonal portion 21 5gb of the 

expansbn cone support body 215g until the end feces of the expansion cone segments 
impact the stop member 220. As a residt, the outsUe diameter of the expanskxi cone 
segments 225 increases. In an exemplary embodiment, once the expanston cone 
segments 225 impact the stop member 220, the outer surfaces. 225bb and 225bc. of 

25 the expansion cone segments provide a substantially continuous outer surface in the 
draimferential dirwtton having a diameter that is greater than the insWe diameter of 
the expandable tubular member 1 20. The downward bngitudinal displacement of the 
drag block assembly 255 relative to the tubular support member 215 seals off the radial 
passage 215c thereby preventing the pressurized fluidic material 275 from entering the 

30 annulus surrounding ttie tubular support member 21 5 through the radial passage. 

in an exemplary embodiment, as illustrated in Figs. 2 and 2a-2f, the expandable 
tubular member 120 may then be radially expanded using the apparatus 200 by 
injecting a fluidic material 275 into the apparatus through the passages 205a, 210a, 
and 215a. The Injedton of the fluidic material 275 may pressurize the interfor 120a of 

35 the expandable tubular member 1 20. in add Won, because the packer cup assemblies. 
240 and 250, seal off an annular region 12(tea beto w the packer cup assemblies 
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betvi«en the expandable tubular member 120 and the tubular support member 215 the 
Injection of the fluidic material 275 may also pressurize the annular region. 

The continued Injection of the fluidic material 275 may then pressurize the 
Interior 120a of the expandable tubular member 120 thereby plastically deforming and 
radially expanding the expandable tubular member off of the expansion cone segments 
225. Becausetheouter8urface8.225bband225bcoftheexpanslonconesegmenl8 
225 are tapered, the plastic defomwtion and radial expansion of the expandable 
tubular member 120 proximate the expansion cone segments is feidKlated. 
Furthemwe, in an exemplary embodiment the continued Injection of the fhiidic 
material 275 also pressurizes the annular region 120aa defined between the Interior 
surface of the expandable tubular member 120 and the exterior surf^ of the tubular 
support member 215 that Is bounded on the upper end by the packer cup assembly 
240 and on the lower end by the expansion cone segments 225. Furthemiore, In an 
exemplary embodiment, the pressurization of the annular region 120aa also radially 
15 expands the sum>undlng portion of the expandable tubular member 120. In this 
manner, the plastic deformation and radial expansion of the expandable tubular 
member 120 Is enhanced. Furthennore. during operation of the apparatus 200. the 
packer cup assemblies 240 and 250 prevent the pressurized fluidic material 275 from 
passing above and beyond the packer cup assemblies and thereby define the length of 
20 the pressurized annular region 120aa. In an exemplary embodiment, the 

pressurization of the annular regkm 120aa decreases the operating pressures required 
for plastte defonmatton and radial expanston of the expandable tubular member 120 by 
as much as 50% and also reduces the angle of attack of the tapered external surfaces. 
225bb and 225bc of the expansion cone segments 225. 

The radial expanston of the expandable tubular member 120 may then continue 
until the upper end 1 20b of the expandable tubular member is radially expanded and 
plastically defomted atong with the overiapping portton of the vveilbore casing 1 1 0. 
Because the expansion cone segments 225 may be adjustable posttfoned from an 
outside diameter less than the inside diameter of the expandable tubular member 120 
to an outsMe diameter substantially equal to the inside diameter of the pre^sting 
casing 110. the resulting wellbore casing, including the casing 110 and the radially 
expanded tubular member 120. created by the operatton of the apparatus 200 may 
have a single substantially constant inskie diameter thereby providing a mon^dlameter 
wellbore casing. 

If the expanston cone segments 225 become lodged within the tubular member 
120 during the radial expansion process, the tubular support member 21 sm,»K. 
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displaced downwardly In the longitudinal direction and then rotated relative to the drag 
block assemblies. 235 and 2SS, thereby posKtonlng the lugs, 21 Sb and 21 5f, within the 
retaining slots. 255ea and 235da, respectively, of the J^lots, 255e and 23Sd, 
respectlvely. As a result, the expansion cone segments 225 may be displaced down 
5 the tapered hexagonal portion 21 5gb of the expansion cone support body 21 5g and 
away from the end stop 220 thereby decreasing the external diameter of the expansion 
cone segments, in this manner, the tubular support nnember 205, the tubular support 
member 210, the tubular support member 215, the end slop 220, the expansion cone 
segments 225, the split ring collar 230, the drag block assembly 235. the pack cup 

10 assembly 240, the spacer 245, the packer cup assembly 250, and the drag btock 
assembly 255 may then be removed from the tubular member 120. 

During the radial expansion process, the expanston cone segments 225 may be 
raised out of the expanded portton of the tubular member 120 by applying an upward 
axial force to the tubular support member 215. in a preferred embodiment, during the 

15 radial expansion process, the expansion cone segments 225 are raised at 

approximately the same rate as the tubular member 120 is expanded in order to keep 
the tubular member stattonary relative to the new wellbore section 115. In an 
alternative preferred embodinnent, the expansion cone segments 225 are maintained in 
a stationary position during the radial expansion process thereby allowing the tubular 

20 member 120 to be radially expanded and plastically deformed off of the expansbn 
cone segments 225 and into the new wellbore section 115 under the force of gravity 
and the operating pressure of the Interior of the tubular member 120. 

In a preferred embodinwit, when the upper end portton of the expandable 
tubular member 1 20 and the tower portion of the wellbore casing 1 10 that overtap with 

25 one another are plastically deformed and radially expanded by the expanston cone 
segments 225, the expansion cone segments 225 are displaced out of the wellbore 
100 by both the operating pressure within the Interior of the tubular member 120 and a 
upwardly directed axial force applied to the tubular support member 205. 

in a preferred embodiment, the operating pressure and flow rate of the fluidic 

30 material 275 is controllably ramped down when the expenston cone segments 225 
reach the upper end portion of the expandable tubular m^iber 120. In this manner, 
the sudden release of pressure caused by the complete radial expar^k>n and plastic 
defbnnation of the expandable tubular member 1 20 off of the expanston cone 
segments 225 can be minimized. In a preferred embodiment, the operating pressure is 

35 reduced in a substantially linear fashton from 1 00% to about 10% during the end of the 



wrtruston process beginning when the expenslon cone segments 225 are within about 
5 feet (1 .524 m) from campletion of the extrusion process. 

Alternatively, or in combination, the wall thicicness of the upper end portion of 
the expandable tubular member 120 is tapered in order to gradualiy reduce the 
5 required operating pressure for plastically deforming and radially expanding the upper 
end portion of the tubular member. In this manner, shodt loading of the apparatus is at 
least reduced. 

Alternatively, or In combination, a shock absorber is provided In the tubular 
support member 205 in order to absorb the shock caused by the sudden release of 
10 pressure. "Oie shock absorber may comprise, for example, ariy conventional 

commercially available shock absorber, bumper sub, or Jars adapted fbr use in wellbore 
operations. 

Alternatively, or in combination, an expansion cone catching stmcture is 
provided in the upper end portton of the expandable tubular member 120 in order to 
15 catch or at least decelerate the expansion cone segments 225. 

Alternatively, or in combinatton, during the radial expanskm process, an upward 
axial force is applied to the tubular support member 215 suffteient to plastically deform 
and radially expand the tubular member 120 off of the external surfaces. 225bb and 
225bc. of the expanskm oone segments 225. 

Alternatively, or in combination, in order to facilitate the pressurization of the 
interfor 120a of the expandable tubular member by the injectton of the fluhfic materials 
275, the region within the wellbore section 115 below the apparatus 200 may be 
fluUkdy sealed off in a conventton manner using, for example, a packer. 

Once the radial expanston process is completed, the tubular support member 
205. the tubular support member 210. the tubular support member 215, the end slop 
220. the expansbn cone segments 225, the split ring collar 230, the drag block 
assembly 235. the pack cup assembly 240, the spacer 245, the packer cup assembly 
250, and the drag btock assembly 255 are removed from the wellbore 100. 

In an alternative embodiment, as Illustrated in Figs. 2h and 21. the J-slots. 23Sd 
and 255e. include one or more intemiediate retaining slots. 235db and 255eb, 
respectively, that permit the relative longitudinal displacement of the tubular support 
member 215 relative to the drag block assemblies. 235 and 255. to be set at one or 
more intemiediate stop positions. In this manner, the expanston segments 225 may be 
posiltoned at one or more intermediate positions on the tapered hexagonal portton 
215gb of the expanston cone support body 215g thereby pemvtting the external 
diameter of the expanston cone segments 225 to be adiustad to ana or mnm 
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intermediate sizes. In ttiis manner, the radial expansion and plastic defomnation of the 
expandable tubular member 120 be provided in different operation stages, each having 
a different expansion diameter. Furthenmone, if the expansion cone segments 225 
become lodged within the expandable tubular member 120. then the position of the 
5 expansion cone segments may be adjusted to provide a smaller outside diameter and 
the radial expansion process may be continued by injecting the fluidic material 275 
and/or applying an upward axial force to the tubular support member 215. 

Referring to Figs. 3 and 3a-3J, an aHemative embodiment of an apparatus 300 
for fomting a wellbore casing in a subterranean fbnnation will now be described. The 

10 apparatus 300 includes a tubular support member 305 defining an internal passage 
305a that is coupled to an end of a tubular coupling 310 defining an internal passage 
310a. The other end of the tubular coupling 31 0 is coupled to an end of a tubular 
support member 315 defining an intemal passage 315a that includes a first flange 315b 
having oppositely tapered end-walte, 315ba and 315bb, a second flange 315c a radial 

15 passage 315d, a third flange 315e, a fourth flange 315f, a fifth flange 315g having 
oppositely tapered end-walls. 315ga and 315gb. a fifth flange 315h, and an expansion 
cone support body 3151. The other end of the tubular support member 315 is coupled 
to a tubular end stop 320 that defines a passage 320a. 

As illustrated in Figs. 3d and 3e, the expansion cone support bod^ 3151 includes 

20 a first end 31 5ia, a tapered hexagonal portion 31 5ib that includes a plurality of T- 
shaped slots 31Siba provided on each of the external feceted surfaces of the tapered 
hexagonal portion, and a second end 315ia In an exemplary embodiment, the angle of 
attack of the tapered hexagonal portion 315ib ranges from about 35 to 50 degrees for 
reasons to be described. 

25 As illustrated in Figs. 3. 3a-3c, and 3f-3h, a plurality of expansion cone 

segments 325 are provided that include first ends 325a that include T-shaped retaining 
members 325aa and second ends 325b that include T-shaped retaining members 
325ba that mate with and are received within corresponding T-shaped slots 315iba on 
the tapered hexagonal portion 31 Sib of the expansion cone support body 3151, first 

30 external surfeces 325bb. second external surfaces 325bc, and third external surfeces 
325bd. Thus, in an exemplary embodiment, a total of six expansion oone segments 
325 are provided that are slidably coupled to corresponding sides of the tapered 
hexagonal portion 315ib of the expansion cone support body 315i. 

In an exemplary embodiment, the widths of the first external surfaces 325bb of 

35 the expansion oone segments 325 increase in the direction of the second external 
surfaces 325bc the widths of the secmd external su rfaces are substantiallv constant 
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and the widths of the third external surfaces 325bd decrease In the direction of the fiist 
ends 32Sa of the expansion cone segments for reasons to be descritwd. In an 
exemplaiy emtxxllment. the first external surfaces 325bb of the expansion cone 
segments 325 taper upwardly in the direction of the second external surfaces 325bc 
the second external surfeoes taper upwardly in the direction of the thM external 
surfaces 325bd. and the third external surfaces 32Sbd taper downwanily in the 
direction of the first ends 32Sa of the expansion cone segments for reasons to be 
described. In an exemplary embodiment, the angle of attack of the taper of the first 
external surfaces 325bb of the expansion cone segments 325 an greater than the 
angieofattackofthetaperofthesecondextemalsurfeces325bc. In an exemplary 
embodiment, the first and second external surfaces, 325bb and 325bc of the 
expansion cone segments 325 are arcuate such that when the expansion cone 
segments 325 are displaced in the direction of the end stop 320. the first and second 
external surfaces of the expansion cone segments provide a substantially continuous 
5 outer circumferential surface for reasons to be described. 

As illustrated In Fig. 31. in an exemplary embodiment, the external surfaces. 
325bb. 325bc and 325bd. of the second ends 32Sb of the expansion cone segments 
325 are adapted to mate with one another in order to Interiock adjacent expanston 
cone segments. 

A split ring collar 330 that defines a passage 330a for receiving the tubular 
support member 315 is provided that includes a first end that includes plurality of T- 
shaped sk)ts 330b for receiving and mating with corresponding T^haped retaining 
members 325aa of the expanskm cone segments 325 and a second end that includes 
an L-shaped retaining member 330a In an exemplary embodiment, the split ring collar 
330 is a conventional spilt ring ooliar commercially available from Halliburton Enei^ 
Servfces modified in accordance with the teachings of the present disclosure. 

A cdiet assembly 335 is provMed that Includes a support ring 335a that defines 
a passage 335aa for receiving the tubular support member 315 and is coupled to an 
end of a resilient collet 335b having upper and lower sets of oppositely tapered 
shoulders. 335ba and 336bb. and, 335bc and 335bd. respectively, that Is positk)ned 
proximate the fourth flange 31 5g of the tubular support member 31 5. The other end of 
the collet 335b is coupled to an end of a tubular sleeve 335c that defines a passage 
335ca. The other end of the tubular sleeve 335c is coupled to an end of a pin 335d 
The other end of the pin 335d Is coupled to a ring 335e that defines a passage 335ea 
for receiving the fifth flange 315h of the tubular support member 31 5. An end of a 
tubular coupling sleeve 335f that defines a passage 3 35fafbrrecelvlnothetnbuU.r 
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support member 315 is received within the opening 335ca of the tubular sieeve 335c 
that includes a recess 33Sfb for receiving the fifth flange 315h of the tubular support 
member 315 and the ring 335e, and a radial passage 335fc for receiving the pin 33Sd. 
Another end of the tubular coupling sleeve 335f includes a passage 335fd for receiving 
the tubular support member 315 and a slot 335fe for receiving the L-shaped retaining 
member 330c of the split ring collar 330. A ring 335g that d^nes a passage 335ga for 
receiving the tubular support ntember 315. a spring 335h. and a ring 3351 that defines a 
passage 335ia for receiving the tubular support member 315 are also received within 
the recess 335fb. The ring 335g is positioned proximate one end of the recess 335fb, 
the ring 335i is positioned proximate the fifth flange 31 5h of the tubular support 
member 315 within the other end of the recess, and the spring 335h is positioned 
between the rings. 

A first conventional padter cup assembly 340 that defines a passage 340a for 
receiving the tubular support member 315 Includes a first end 340b that mates with the 
fourth flange 315f of the tubular support member, a conventional sealing cup 340c. and 
a second end 340d. A tubular spacer 345 that defines a passage 345a for receiving 
the tubular support member 315 includes a first end 345b that mates with the second 
end 340d of the first packer cup assembly 340 and a second end 345c. Asecond 
conventional packer cup assembly 350 that defines a passage 350a for recei^^g the 
tubular support member 315 includes a first end 350b that mates Witt) the second end 
345cof the spacer 345, a conventional sealing cup 350c and a second md 350d that 
mates witti the third flange 315e of ttie tubular support member. 

A collet assembly 355 is provided ttiat includes a support ring 355a that defines a 
passage 355aa fbr receiving the tubular support member 315 and Is coupled to an end 
of a resilient collet 355b having upper and lower sets erf oppositely tapered shouldere. 
355ba and 355bb. and, 35Sbc and 3S5bd, respectively, ttiat is positioned proximate ttie 
first flange 315b of the tubular support member 315. The other end of ttie obMt 355b 
is coupled to an erai of a tubular sleeve 355c ttiat defines a passage 355ca. The ottier 
end of the tubular sleeve 355c is coupled to an end of a pin 355d. The other end of ttie 
pin 355d Is coupled to a ring 355e ttiat defines a passage 355ea for receiving ttie 
second flange 315c of ttie tubular support member 315. An end of a tubular sleeve 
355f ttiat deflnes a passage 355fa for receiving ttie tubular support member 315 is 
received wittiln ttie opening 355ca of ttie tubular sleeve 355c ttiat includes a recess 
355fo for receiving ttie second flange 315c of ttie tubular support member 315 and ttie 
ring 355e, and a radial passage 355fc for receiving ttie pin 35Sd. Anottwr end of ttie 
tubular sleeve 355f includes a passage 355fd for rsoeMng ttw tubular support member 
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315. a recess 35Sfe for receiving an end of the tubular sleeve 355c. and seaDng 
members 355ff. A ring 355g that defines a passage 355ga for receiving the tubular 
support member 315 and a spring 3S5h are also received within the recess 355fb. An 
end of the ring 355g is positioned proximate the second flange 315c of the tubular 
support member 31 5 within an end of the recess 355fb and the other end of the ring is 
positioned an end of the spring 355h. The other end of the spring 355h Is positioned 
proximate the other end of the recess 355fb. 

In an exemplary embodiment during operation of the apparatus 300. as 
Illustrated in Figs. 3 and 3a-3j. the apparatus may be inltialiy positioned in the welibore 
100. within the casing 1 10. with the collet assemblies 335 and 355 positioned in a 
neutral position in which the radial passage 315d of the tubular support member 315 is 
not covered by the tubular sleeve 355f and the expansion cone segments 325 are not 
driven up the tapered hexagonal portion 315ib of the expansion cone support body 
3151 of the tubular support member 315 into contact with the stop member 320. In this 
manner, fluidic materials within the interior 315a of the tubular support member 315 
may pass through the radial passage 315d into the annulus between the apparatus 300 
and the casing 1 10 thereby preventing over pressurization of the annulus. 
Furthemwre. in this manner, the outside diameter of the expansion cone segments 325 
Is less than or equal to the outside diameter of the stop member 320 thereby pemtltting 
20 the apparatus 300 to be displaced within the casing 110. 

As IBustraled In Figs. 4. and 4a-4d. the apparatus 300 may then be positioned 
in the tubular member 120. During the insertion of the apparafajs Into the tubular 
member 120. the upper end 120b of the tubular member may impact the tapered 
shoulders. 335bb and 355bb. of the ooliets. 335b and 355b. respectively, thereby 
25 driving the collets backward until (he tapered shoulders. 335bd and 355bd. of the 
collets are positioned proximate the tapered shoulders. 315ga and 31 5ba, 'respectively 
ofthetubuiarsupportmember. As a result, the support rings. 335a and 355a. the 
collets. 335b and 355b. the tubular sleeves, 335c and 355c the pins. 335d and 355d 
the rings. 335e and 355e. and the rings. 335g and 355g. of the collet assemblies, 335 
and 355. respectiveV. are driven backward, compressing the springs. 335h and 355h 
thereby applying axial biasing forces to the tubular coupling sleeve 335f and the tubular 
Sleeve 355f. respeciiveiy. In this manner, an axial biasing force is applied to the split 
nng collar 330 and the expansion cone segments 325 that prevents the expansion 
cone segments from being driven up the tapered hexagonal portion 315ib of the 
expansion cone support body 3151 of the tubular support member 315 into contact with 
the stop member 320. Thus, the outsMe diameter of the expansbn cone segments 



325 is maintained In a position that is less than the inside diameter of the tubular 
member 120 thereby pemnitHng the apparatus 300 to be displaced within the tubular 
member. Furthemnors, In this manner, an axial biasing force is applied to the tubular 
sleeve 355f thereby preventing the tubular sleeve from covering the radial passage 
5 31 5d in the tubular support member 315. Thus, fluidic materials within the interior 315a 
of the tubular support member 315 may pass through the radial passage 315d into the 
annulus between the apparatus 300 and the tubular member 120 therekiy preventing 
over pressurization of the annulus. 

The apparatus 300 may then be at least partially positioned in the open hole 

10 secfion 115a of the vt^llbore section 115, beyond the lower end 120cof the tubular 
member 120. In an exemplary embodiment that portion of the apparatus 300 that 
includes the stop member 320, the expansion cone segments 325, the spilt ring collar 
330, the collet assembly 335, the packer cup assembly 340, the spacer 345, the packer 
cup assembly 350, and the collet assembly 355 is then positioned in the open hole 

15 section 1 1 5a of the wellbore section 1 1 5, beyond the lower end 120 of the tubular 
member fbr reasons to be described. Because the collets, 335b and 355b, are 
resilient, once the apparatus 300 has been positioned in the open hole sedton 1 15a of 
the wellbore section 115, beyond the lower end 120c of the tubular member 120, the 
tapered shoulders, 335ba and 355ba, of the collets may spring outwardly in the radial 

20 direction. 

The apparatus 300 may then be r^)osttioned at least partially back within the 
tubular member 120. During the re-insertton of the apparatus into the tubular member 
120, the lower end 120c of the tubular member may impact the ts^pwed shoulders, 
335ba and 355ba, of the cdlets, 335b and 35Sb. respediveiy, thereby driving the 

25 collets fon/vard until the tapered shoulders, 335bc and 35Sbc» of the collets are 
posittoned proximate the tapered shoulders, 315gb and 31Sbb, respecOvely. dfthe 
tubular support member 31 5. As a result, the support rings, 335a and 355a, the 
collets, 335b and 355b, the tubular sleeves, 335c and 355c, the pins, 335d and 355d, 
the rings, 335e and 355e, the tubular coupling sleeve 335f, the tubular sleeve 355f, the 

30 rings, 335g and 355g, and the ring 335i of the collet assembfies. 335 and 355. 
respectively, are driven fbnfvard, thereby compressing the springs. 335h and 355h, 
thereby sealing off the radial passage 315d and dri>ring the expanston cone segments 
325 up the tapered hexagonal portton 315!b of the expanston cone support body 315i 
of the tubular support member 315 into contact with the stop member 320. 

35 As a result the outsUe diameter of the expansion cone segments 325 is now 

greater than the Inside diameter of e)qpandable tiAul ar member 120 thereby pemriltting 
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the apparatus 300 to be used to radially expand and plastically defonn the tubular 
member, and fluidic materials wKhm the interior 31Sa of the tubular support member 
315 may no longer pass through the radial passage 315d into the annulus between the 
apparatus 300 and the tubular member thereby permitting the interior of the apparatus 
to be pressurized. 

The apparatus 300 may then be operated to radially expand and piastically 
defomi the tubular member 1 20 by applying an upward axial force to the tubular 
support member 315 and/or by injecting a pressurized fluidic material into the tubular 
support member. 

In particular, as illustrated in Figs. 5 and 5a^. the expandable tubular member 
120 may then be radial^ expanded using the apparatus 300 by Injecting a fluidic 
material 275 into the apparatus through the passages 305a. 310a. 315a. and 320a. 
Ihe injection of the fluidic material 275 may pressurize the Interior 120a of the 
expandable tubular member 120. In addition, because the paci(er cup assemblies. 340 
and 350, seal off an annular region 120aa below the packer cup assemblies between 
the expandable tubular member 120 and the tubular support member 315. the irijection 
of the fluidic material 275 may also pressurize the annular region. 

The continued injection of the fluidic material 275 may then pressurize the 
interior 120a of the expandable tubular member 120 thereby plastically defbmiing and 
radially expanding the expandable tubular member off of the expansion cone segments 
325. Because the outer surfaces. 32Sbb and 325bc of the expansion cone segments 
325 are tapered, the plastic defomnation and radial expansion of the expandable 
tubular member 120 proximate the expansion cone segments is f^dStated. 
Furthemwe. in an exemplary embodiment, the continued ir^edion of the fluidic 
material 275 also pressurizes the annular region 120aa defined between the interior 
surface of the expandable tubular member 120 and the exterior surface of the tubular 
support member 315 that is bounded on the upper end by the packer cup assembly 
340 and on the lower end by the expansion oone segments 325. Fufthermoro. in an 
exemplary embodiment, the pressurization of the annular region 120aa also radially 
expands at least a portion of the sumiunding portion of the expandable tubular member 
120. in this manner, the plastic defbmiation and radial expansion of the expandable 
tubular member 120 is enhanced. Furthemxjre. during operation of tiie apparatus 300. 
the packer cup assemblies 340 and 350 prevent the pressurized fluMic material 275 
from passing above and beyond the packer cup assemblies and thereby define the 
lengthofthe pressurized annularreglon 120aa. in an exemplary embodiment, the 
pressurization of the annular region 120aa decreases th^ oo^r^n. 



for plastic deformation and radial expansion of ttie expandable tubular member 120 by 
as much as 50% and also reduces the angle of attack (rf the tapered external surfaces. 
325bb and 325bc, of the expansion cone segments 325. 

The radial expansion of the expandable tubular mennber 120 may then continue 
5 until the upper end 120b of the expandable tubular member is radially expanded and 
plasticaHy defomned along with the overlapping portion of the wellbore casing 1 10. 
Because the expansion cone segments 325 may be adjustable positioned from an 
outside diameter less than the inside diameter of the expandable tubular merrtber 120 
to an outside diameter substantialiy equal to the inside diameter of the pre-existing 
10 casing 1 10, the resulting wellbore casing, including the casing 1 10 and the radially 
expanded tubular member 120, created by the operation cX the apparatus 300 may 
have a single substantially constant inside diameter thereby providing a nKmo-dfameter 
wellbore casing. 

During the radial expansion process, the expansion cone segments 325 may be 

15 raised out of the expanded portion of the tubular niember 120 by applying an upward 
axial force to the tubular support member 315. In a preferred embodiment, during the 
radial expansion process, the expansion cone segments 325 are raised at 
approximately the same rate as the tubular member 120 is expanded in order to keep 
the tubular member stattonary relative to the new wellbore section 1 1 5. 

20 In a preferred embodiment, when the upper end portk)n of the expandable 

tubular member 120 and the lower portton of the wellbore casing 1 10 that overlap with 
one another are plastically deformed and radially expanded by the expansion cone 
segments 325, the expanston cone segments are displaced out of the wellbore 1 00 by 
both the operating pressure within the Interior of the tubular member 120 and a 

25 upwardly directed axial fbrce applied to the tubular support member 305. 

In a preferred embodiment, the opmting pressure and flow rate of the tlukllc 
material 275 Is oontrollably ramped down when the expansion cone segments 325 
reach the upper end portion of the expandable tubular member 1 20. In this manner, 
the sudden release of pressure caused by the complete radial expansbn and plastic 

30 defonmatton of the expandable tubular number 120 off of the expansion cone 

segments 325 can be minimized. In a preferred embodiment, the operating pressure is 
reduced in a substantially linear fashion from 100% to about 10% during the end of the 
extrusion process beginning when the expansion cone segments 325 are within about 
5 feet (1 .524 m) from completion of the extruston process. 

35 Alternatively, or In combination, the wall thickness of the upper end portion of 
the expandable tubular member 120 Is tapered In or der to gradually reduce the 



required operating pressure for plastically deforming and radially expanding the upper 
end portion of the tubular member. In this manner, shock loading of the apparatus Is at 
least reduced. 

AKemativeiy, or in combination, a shock absorber is provided in the tubuter 
5 support member 305 in order to absorb the shock caused by the sudden release of 
pressure. The shock absorber may comprise, for example, any oonventionai 
commerdally available shock absorber, bumper sub. or Jars adapted for use In welBwre 
operations. 

Alternatively, or in combination, an expanskm cone catching structure is 
10 provided In the upper end portion of the expandabto tubular member 120 in order to 
catch or at least decelerate the expansion cone segments 325. 

Alternatively, or in combination, during the radial expanston process, an upward 
axial force Is applied to the tubular support member 315 sufficient to plastically defonn 
and radially expand the tubular member 120 off of the extemal suifeces. 225bb and 
15 225bc of the expansion cone segments 325. 

AltemativBly, or in combination. In order to facilitate the pressurization of the 
intertor 1 20a of the expandable tubular member by the injection of the fluidic materials 
275. the regton wrfthln the weiibore sedton 1 15 betow the apparatus 300 may be 
fluididy sealed off in a convention manner using, for example, a packer. 

Once the radial expanskm process is completed, the tubular support member 
305. the tubular support member 31 0. the tubular support member 31 5. the end stop 
320. the expansion cone segments 325. the split ring collar 330, the collet assembly 
335. the packer cup assembly 340. the spacer 345. the packer cup assembly 350. and 
the collet assembly 355 are removed from the welibores 100 and 115. 

25 ''«'«Tin9 to Figs. 6 and 6a<k. an alternative embodiment of an apparatus 400 

for forming a wellbore casing In a subterranean formation wUI now be described. The 
apparatus 400 includes a tubular support member 405 defining an internal passage 
405a that is coupled to an end of a tubular coupling 41 0 defining an internal passage 
41Da. The other end of the tubular coupling 410 is coupled to an end of a tubular 
support member 415 defining an Internal passage 415a that includes a first flange 
415b, a first radial passage 415c a second radial passage 415d. a second flange 
415e. a stepped flange 415f. a third flange 415g. a fourth flange 415h. a fifth flange 
41 51. and an expansion cone body 41 5|. The other end of the tubular support member 
415 Is coupled to a tubular end stop 420 that defines a passage 420a. 

As illustrated in Figs. 6e and 6f. the expanskm cone support body 4ig Includes 
a first end 41^. a tapered hexagonal portton 41^b t hatindudafiaBh.n.iH»^T- 
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shaped slots 415jba proved on each of the exiemd faceted suifaoes of the tapered 
hexagonal portion, and a second end 415i|a In an exemplary embodiment, the angle of 
attack of the tapered hexagonal portion 415jb ranges from about 35 to 50 degrees for 
reasons to be described. 

5 As illustrated in Figs. 6, 6a-6d, and 6g-6i, a plurality of expanston cone 

segments 425 are provided that bndude first ends 425a that Include T-shaped retaining 
members 425aa and second ends 425b that include T-shaped retaining members 
425ba that mate with and are received within corresponding T-shaped sbis 415jba on 
the tapered hexagonal portion 41Sjb of the expansion cone support body 415J, first 

10 external surfaces 425bb, second external surfaces 425bc and third external surfaces 
425bd. Thus, In an exemplary embodiment, a total of six expansion cone segments 
425 are provided that are slidably coupled to oomespondlng sides of the tapered 
hexagonal portion 415Jb of the expansion cone support body 41 5j. 

In an exemplary embodiment, the widths of the first extemai surfaces 425bb of 

15 the expansion cone segments 425 increase in the direction of the second extemai 
surfaces 425bc. the widths of the second extenr)ai surfaces are substantially constant, 
and the widths of the third extemai surfaces 425bd decrease in the direction of the first 
ends 425a of the expansion cone segments for reasons to be described. In an 
exemplary embodiment, the first extemai surf^ms 425bb of the expansion cone 

20 segments 425 taper upwardly in the direction of the second external st^aoes ATSbc. 
the second extemai surfaces taper upwardly In the direction of the third extemai 
surfaces 425bd. and the third external surfaces 425bd taper downwardly in the 
direction of the first ends 425a of the expansion cone segments for reasons to be 
described, in an exemplary embodiment, the angle of attack of the taper of the firet 

25 extemai surfaces 425bb of the expanston cone segments 425 are greater than the 
angle of attack of the taper of the second extemai surfaces 425bc In an exemplary 
embodiment, the first and second mtemal surfaces, 425bb and 425bc of the 
expansion cone segments 425 are arcuate such that when the expansion cone 
segments 425 are displaced in the direction of the end stop 420, the first and second 

30 extemai surfaces of the expansion cone segments provkle a substantiaily continuous 
outer drcumferential surface for reasons to be described. 

As illustrated in Fig. 6J, in an exemplary embodiment, the extemai surfaces, 
425bb, 425bc. and 425bd, of the second ends 425b of the expanston cone segments 
425 are adapted to mate with one another in order to interlock adjacent expanston 

35 cone segments. 



A spit ring collar 430 that defines a passage 430a for receiving the tubular 
support member 415 is provided that includes a first end tliat includes plurality of T- 
sliaped slots 430b for receiving and mating with oonBsponding T-shaped retaining 
members 425aa of the expansion cone segments 425 and a second end that Includes 
an L^haped retaining member 430a In an exempiaiy embodiment the split ring collar 
430 is a conventional split ring collar commerdaily available from Halliburton Energy 
Sendees modified in accordance with the teachings of the present disclosure. 

A dog assembly 435 is provided that includes a tubular sleeve 435a that defines 
a passage 43Saa for receiving the tubular support member 41 5 that Includes a first end 
that includes a slot 435ab for receiving and mating with the L-ehaped retaining member 
430c of the split ring collar 430, a radial passage 435ac, and a i«oess 435ad for 
receiving the fifth flange 415a of the tubular support member 415. A second end of the 
tubular sleeve 435a includes a flange 435ae that mates with the fourth flange 415h of 
the tubular support member 415. A retaining ring 435b that defines a passage 43Sba 
for receiving the fifth flange 4151 Is received within the recess 435ad of the tubular 
sleeve 435a and is coupled to an end of a load transfer pin 435c. The opposite end of 
the load transfer pin 435c is received within the radial passage 435ac of the tubular 
sleeve 43Sa and is coupled to an end of a tubular sleeve 435d that includes a recess 
435da at a first end for receiving the tubular sleeve 435a. and a radial opening 435dc 
for receiving a conventional rasHient dog 435e. A spring 435f and a ring 435g that 
defines a passage 435ga for receiving the tubular support member 41 5 are received 
within the recess 435ad of the tubular sleeve 43Sa between a first end of the recess 
and the fifth flange 415i of the tubular support member. 

A first conventional pacicer cup assembly 440 that defines a passage 440a fbr 
receiving the tubular support member 415 includes a first end 440b that mates with the 
fourth fiange 415g of the tubular support member, a conventional seafing cMp 440c 
and a second end 440d. A tubular spacer 446 that defines a passage 445a fbr 
receiving the tubular support member 415 includes a first end 445b that mates with the 
second end 440d of the first packer cup assembly 440 and a second end 445c. A 
second conventional padter cup assembly 450 that defines a passage 450a for 
receiving the tubular support member 415 includes a first end 450b that mates with the 
second end 445c of the spacer 445, a conventional sealing cup 450c and a second 
end 450d that mates with the stepped fiange 415f of the tubular support member. 

A dog assembly 455 is provided that includes a tubular sleeve 455a that defines 
a passage 455aa fbr receiving the tubular support member 41 5. A first end of the 
tubular sleeve 455a includes a radial ooenina 4SSab w »wv.i»in^ o — . 



resilient dog 455b. A secxsnd end of the tubular sleeve 455a includes a recess 455ac 
and is coupled to an end of a load transfer pin 455c. The opposite end of the load 
transfer pin 4S5c is coupled to a retaining ring 455d that defines a passage 455da for 
receiving the tubular support member 41 5. A tubular sleeve 455e Is received within the 

5 recess 455ac of the tubular sleeve 4S5a that defines a passage 455ea for receiving the 
tubular support member 415 and includes a first end that includes a radial passage 
455eb for receiving the load transfer pin 455c and a recess 455ec for receiving a spring 
455f. A ring 455g that defines a passage 455ga for receiving the tubular support 
member 415 is further recehred within the recess 4S5ec of the tubutar sleeve 455e 

10 between the spring 4551 and the second flange 415e of the tubiriar support member 
415. A second end of the tubular sleeve 455e includes a radial passage 455ed, 
sealing members, 455ef and 45Seg, and a recess 455eh that mates with the first fiange 
41Sb of the tubular support member 415. 

in an exemplary embodiment during operation of the apparatus 400, as 

15 illustrated In FHgs. 6 and 6a-6l(, the apparatus may be initially positioned In the wellbore 
100, within the casing 1 10. with the dog assemblies 435 and 455 positioned in a 
neutral position In which the radial passage 415d crfttie tubular support member 41 5 is 
fluididy coupled to the radial passage 455ed of the dog assembly 455 and the 
expansion cone segments 425 are not driven up the tapered hexagonal portion 415jb 

20 of tiie expansion cone support body 41 5J of the tubular support member 41 5 into 
contact with the stop member 320. In tills manner, fluidic materials wtthin ttie interior 
415a of ttie tubular support member 415 may pass ttvoiigh tfie radial passages. 41Sd 
and 455ed, Into fl« annulus between ttie apparatus 400 and ttie casing 110 ttiereby 
preventing over pressurization of the annulus. Furttiemiore, in this rranner. ttie outside 

25 diameter of ttie expansion cone segments 425 is less ttian or equal to ttie outside 
diameter of ttie stop member 420 ttiereby pemnitUng tiie apparatus 400 to be displaced 
wlttiin ttie casing 110. 

As illusttated In Figs. 7, and 7a-7c, ttie apparatus 400 m^ ttien be positioned in 
ttie tubular member 120. During ttie insertion of ttie apparatus into ttie tubular member 

30 1 20, ttie upper end 1 20b of ttie tubular member may impact ttie ends of tiie resilient 
dogs, 435e and 4S5b, of ttie dog assemblies, 435 and 455. respectively, ttiereby 
driving ttie resilient dogs. 435e and 455b, backwards ofT of and adjacent to one side of 
ttie flanges. 415h and 415f. respectively. As a resdt of ttie badcward axial 
displacement of ttie resilient dog 435e, ttie tubular sleeve 435d, ttie pin 435c ttie 

35 retaining ring 435b, and ttie ring 435g of ttie dog assembly 435 are driven backward 
ttierebv comoressina ttie soring 435f and applying a n axial btasina force to ttie tubular 



in 

8leev» 435a that prevents the expansion cone segments 425 from twing displaced 
toward the end stop 420. As a result of the backwani axial displacement of the resilient 
dog 455b. the tubular sleeve 4S5a, the pin 455c the retaining ring 455d, and the ring 
455g of the dog assembly 455 are driven backward thereby compressing the spring 
45Sf and applying an axial biasing force to the tubular sleeve 4S5e that prevents the 
radial passages. 41Sd and 455ed from being fluididy decoupled. 

The apparatus 400 may then be at (east partially positioned in the open hole 
section 1 15a of the welbore section 1 15. beyond the lower end 120c of the tubular 
member 120. in an exemplary embodiment, that portion of the apparatus 400 that 
includes the stop member 420. the expansion cone segments 425. the spKt ring collar 
430. the dog assembly 435. the packer cup assembly 440. the spacer 445. the packer 
cup assembiy450. and the dog assembly 455 is then posNtoned in the open hole 
section 1 15a of the wellbore secBon 1 15, beyond the kiwer end 120 of the tubular 
member for reasons to be described. Because the dogs. 435e and 455b. of the dog 
assemblies, 435 and 455. respectively, are resilient, once the apparatus 400 has been 
posittoned In the open hole section 115a of the weiibore section 115, beyond the kMver 
end 120c of the tubular member 120. the resilient dogs. 435e and 455b. of the dog 
assemblies may spring outwardly in the radial directkin. 

The apparatus 400 may then be repositioned at least partlaRy back within the 
tubular member 120. During the re-insertlon of the apparatus into the tubular member 
120. the tower end 120e of the tubular member may impact the ends of the resilient 
dogs, 435e and 465b, of the dog assemblies, 435 and 455, respectively, thereby 
driving the resUient dogs fonward until the resilient dogs are posittoned beyond and 
adjacent to the other side of the flanges, 415h and 41 5f. of the tubular support member 
415. 

As a result, of the fbfward axial dbplaoement of the resilient dog 435e. the 
tubular sleeve 435a, the retaining ring 435b. the pin 435c the tubular sleeve 435d, the 
spring 435f, and the ring 435g of the dog assembly 435 are displaced in the fbiward 
axial directton thereby also displacing the split ring collar 430 and the expanston cone 
segments 425 in the fonward axial direction. As a result, the expansion cone segments 
425 are driven up the tapered hexagonal portton 415jb of the expansion cone support 
body 415j of the tubular support member 41 5 into contact with the stop member 320. 

As a result of the forward axial displacement of the resilient dog 455b. the 
tubular sleeve 455a. the pin 455c the retaining ring 455d, the tubular sleeve 455e. the 
spring 455f, and the ring 455g of the dog assembly 455 are driven fowrard In the axial 
direction thereby fliddtely decoupling the radial nan aanoe A^itM akk^ «^ii..iMt^. 



coupling the radial passages 41 Sc and 41 5d. As a resuK fluldic materials within the 
tubular support memt)er 415 may not pass Into the annulus l)Gtween the tubular 
support member and the tubular member 120. 

As a result of the fonrard axlai displaoement of the resilient dog 435e, the 

5 outside diameter of the expansion cone segments 425 Is now greater than the inside 
diameter of expandable tubular member 120 thereby pennltting the apparatus 400 to 
be used to radially expand and plastically defonn the tubular member, and fluidic 
materials within the Interior 41 5a of the tubular support member 41 5 may no longer 
pass through the radial passages, 41 5d and 455ed, Into the annulus between the 

10 apparatus 400 and the tubular memberthereby permitting the interior of the apparatus 
to be pressurized. 

The apparatus 400 ma^ then be operated to radially expand and plasticalty 
deform the tubular member 120 by applying an upward axial force to the tubular 
support member 415 and/or by injecting a pressurized fluidic material into the tubular 

15 support memtier. 

In particular, as Illustrated In Figs. 6 and 8a-6d. the expandable tubular member 
120 may then be radially expanded using the apparatus 400 by injecting a fluidic 
material 275 into the apparatus through the passages 405a, 310a, 415a, and 420a. 
The Injection of the fluidic material 275 may pressuri» the interior 120a of the 

20 expandable tubular member 120. In addition, because the packer cup assemblies, 440 
and 450, seal off an annular retf on 120aa below the packer cup assemblies between 
the expandable tubular mervAer 120 and the tubular support member 415, the irjection 
of the fluidic material 275 may also prassurize the annular region. 

The oOTtinued Injection of the fhikllc material 275 may then pressurize the 

25 interior 120a of the expandable tubular member 120 thereby plasUcaiiy deforming and 
radially expanding the expandable tubular member off of the expanston cone segments 
425. Because the outer surfaces, 425bb and 425bOp of the expansion cone segments 
425 are tapered, the plastic defonmation and radial expansion of the expandable 
tubular member 120 proximate the expanston cone segments is facilitated. 

30 Furthemrtore, in an exemplary embodiment the continued bijection of the fluidic 
material 275 also pressurizes the annular region 120aa defined between the interior 
surface of the expandable tubular member 1 20 and the exterior surfiace of the tubular 
support member 415 that is bounded on the upper end by the packer cup ass^bly 
440 and on the lower end by the expansion cone segments 425. Furthenmore, in an 

35 exemplary embodiment, the prsssurization of the annular region 120aa ateo radiafly 
expands at least a portion of the surrounding portio n of the expandable tubular rromter 



1^ 

120. In this manner, the plastic defoomation and radial expansion of the expandable 
tubular member 120 is enhanced. Furthennore. during operation of the cv)paiatus 300, 
the packer cup assemblies 440 and 450 prevent the pressurized fluidic material 275 
from passing above and beyond the padcer cup assemblies and thweby define the 
5 length ofthe pressurized annular region 120aa. In an exemplary embodiment, the 
pressurization of the annular region 120aa decreases the operating prassuies required 
for plastic defbnnation and radial expansion of the expandable tubular member 120 by 
as much as 50% and also reduces the angle of attack of the tapered external surfaces. 
425bb and 425bc, of the expansion oone segments 425. 
10 The radial expansion of the expandable tubular member 1 20 may then continue 

until the upper end 120b of the expandable tubular member is radially expanded and 
plastically defomied along with the overlapping portion ofthe wellbore casing 1 10. 
Because the expansion cone segments 425 may be adjustably positioned fifom an 
outside diameter less than the inside diameter of the expandable tubular member 120 
15 to an outside diameter substantially equal to the inside diameter of the pre-existing 
casing 110. the resulting wellbore casing, including the casing 110 and the radially 
expanded tubular menAer 120. created by the operatton of the apparatis 400 may 
have a single substantially constant Inside diameter thereby providing a mono-diaineter 
wellbore casing. 

During the radial expansion process, the expanston oone segments 425 m«y be 
raised out of the expanded portion of the tubular member 1 20 by applying an upward 
axial fbrce to the tubular support member 415. In a prelian«d embodiment, during the 
radial expanskm process, the expansion oone segments 425 are raised at 
approximately the same rate as the tubular member 120 Is expanded In order to keep 
the tubular member stationary relative to the new wellbore section 115. 

In a preferred embodiment, when the upper end portfon of the expandable 
tubular member 120 and the lower portion of the wellbore casing 110 that overlap with 
one another are plastically deformed and radially expanded by the expansion oone 
segments 425. the expansion cone segments are displaced out of the wellbore 100 by 
both the operating pressure wKhln the interior of the tubular member 1 20 and a 
upwardly directed axial fbrce applied to the tubular support member 405. 

In a prefsnBd embodiment, the operating pressure and flow rate of the fluidic 
material 275 is oontrollably ramped down when the expansion cone segments 425 
reach the upper end portton of the expandable tubular member 120. In this manner, 
the sudden release of pressure caused by the complete radial e)q)ansion and plastic 
deformatfan of the expandable tubular member 120 off of the expanston cone 



segments 425 can be mInimlzBCl, In a prefened embodiment, the operating pressure is 
reduced in a substantially linear feshlon from 100% to about 10% during the end of the 
extrusion process beginning when the expansion cone segments 425 are within about 
5 feet (1 .524 m) firom completion of the extrusion process. 
5 Altematively. or in combination, the wall thickness of the upper end portion of 

the expandable tubular member 120 is tapered In order to gradually reduce the 
required operating pressure for plastically defomiing and radially expanding the upper 
end portion of the tabular member In this manner, shock k>adlng of the apparatus is at 
least reduced, 

10 Alternatively, or in combination, a shock absorber is provided in the tubular 

support member 405 in order to absorb the shodc caused by the sudden release of 
pressure. The shock absorber may comprise, for example, any conventional 
commerdalty available shock absorber, bumper sub. or jars adapted for use in wellbore 
operations. 

15 Altematively, or in combination, an expanston cone catching structure is 

provided in the upper end portfon of the expandable tubular member 120 In order to 
catch or at least decelerate the expansion cone segments 425. 

Alternatively, or in combination, during the radial expansion process, an upward 
axial force Is applied to the tubular support member 41 5 sufficient to plastically deform 

20 and radially expand the tubular member 1 20 off of the extemal surfeoes, 225bb and 
225bc of the expansion cone segments 425. 

Altemativaiy, or In combination. In order to facHitate the pressurizatton of the 
interK>r 1 20a of the expandable tubular member by the injection of the fluidic materials 
275. the region within the wellbore sectton 1 15 below the apparatus 400 may be 

25 fluididy sealed off In a convention manner using, for example, a packer. 

Once the radial expanston process is completed, the tubular support member 
405, the tubular support member 410, the tubular support member 415, the end stop 
420, the expansion cone segments 425, the split ring collar 430, the dog assembly 435, 
the padcer cup assembly 440, the s;»cer 445. the packer cup assembly 450, and the 

30 dog assembly 455 are removed from the wellbores 1 00 and 1 1 5. 

Referring now to Figs, g, 9a. 10 and 10a, an embodiment of an adjustable 
expanston cone assembly 500 will be described. The assembly 500 Includes a tubular 
support member 505 that defines a passage 505a and includes a flange 505b, an 
expansion cone support flange assembly SMc, and an end stop 505d. The expansion 

35 cone support flange assembly 505c Includes a tubular body 505ca and a plurality of 
equally spaced apart expanaton cone segment support members 505cb that extend 



outwardly from the tubular body in the radial direction that each include identical bases 
SOScba and extensions SOScbb. The support members 505cb further include first 
sections SOScbc having arcuate conical outer surboes and second sections SOScbd 
having arcuate cylindrical outor surfaces for reasons to be described. 
5 An expansion cone segment assembly 51 0 Is provided that includes a tubular 

support 510a defining a passage SlOaa for receiving the tubular support member 506 
and a slot 51 Oab. A plurality of spaced apart and substantially identical resiUent 
expansion cone segment collets 510b extend from the tubular support 510a In the axial 
direcfaon that include expansion cone segments 510ba extending therefrom in the axial 

10 direction. Each of the expansion cone segments SlOba further Include arcuate conical 
expansion surfaces 510baa for radially expanding an expandable tubular member. 

A split ring collar 51 5 is provided that defines a passage 51 5a for receiving the 
tubular support member 505 that Indudes an L-shaped retaining member 515b at one 
end for mating with the slot 510ab of the tubular support 510a of the expansion cone 

15 segment assembly 510. Another end of the split ring collar 515 includes an L-shaped 
retaining member 51 5c A tubular sleeve 520 is provided that defines a passage 520a 
for receiving the tubular support member 505 that includes a slot 520b for receiving the 
L-shaped retaining member 515c of the split ring collar 515. 

During operation of the assembly 500. as Illustrated in Figs. 9 and 9a, in an 

20 unexpended position, the expansion cone segments 510ba of the expansion cone 
segment assembly 510 are positioned adjacent to the base of the conical section 
SOScbc of ttM expansion cone segment support members SOScb with the outside 
diameter of the expansion cone segments less than or equal to the maximum outside 
diameter of the assembly. As mustraled in Figs. 10 and 10a, ths assembly 500 may 

25 then be expanded by displacing the tubular sleeve 520. the split ring collar 515, and the 
expansion cone segment assembly 510 in the axial direction towards the expansion 
cone segment support meml)ers SOScb. As a result, tfie expanston cone segments 
SlOba are driven up the conical section SOScbc of the expansion cone s^ment 
support members SOScb and then onto the cylindrical section 505ct)d of the expansion 

30 cone segment support members until the expansion cone segments Impact the end 
stop SOSd. In this manner, the outside diameter of the expansion segments SlOba is 
greato- than the maximum dtameter of the remaining components of the assembly 500. 
Furthennore, the conical outer surfeces SlObaa of the expanston cone segments 
SlOba may now be used to radially expand a tubular member. Note that the 

35 extenstons SOScbb of the expansion cone segment support members SOScb provide 
support In the drcumfsrentfai direction to Ihe atfece nt expansion cone segments 
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SlOba. In an exemplary embodlnnent. the outer conical surfeces SlObaa (rf the 
expansion cone segments S10t)a In the expanded position of the assembly 500 provide 
a substantially continuous outer conical surfaces in the drcumfiBrBntlai direction. 
The assembly 500 may then be retunned to the wexpanded position by 

5 displacing the tubular sleeve 520, the split ring collar 515, and the expansion cone 
segment assembly 510 in the axial direction away from the expansion cone segment 
support members SOScb. As a result, the expansion cone segments SlOba are 
displaced off of the ^indrical secfion 505cbd and the corrical section SOScbc of the 
expansion cone segment support members SOScb. Because the collets 51 Ob of the 

10 expansion cone segment assembly 51 0 are resilient, the expandon segments SlOba 
are thereby returned to a position in which the outside diameter of the expansion cone 
segnrtents is less than or equal to the maximum diameter of the remaining components 
of the assembly 500. 

In several altemative embodiments, the assembly 500 is incorporated into the 

1 5 assemblies 200, 300 and/or 400. 

Referring now to Figs. 1 1, 1 1a, 12 and 12a, an embodiment of an adjustable 
expansion cone assembly 600 will be described. The assembly 600 Includes a tubular 
support memba- 605 that defines a passage 605a and includes an expansion cone 
support flange assembly 60Sb, and an end stop 605a The expansion cone support 

20 flange assembly 605b includes a tubular body 605ba and a plurality of equally spaced 
apart expansion cone segment eubstantially identical support members 605bb that 
extend outwardly from the tubular body in the radial direction. The support members 
605bb further include first sections BOSbba having arcuate cylindrical outer surfaces, 
second sections 60Sbbb having arcuate conical outer surfaoeSp and third sections 

25 60Sbbc having arcuate cylindrical outer surfaces for reasons to be described. 

An expansion cone segnnent assembly 610 Is provided that Includes a tubular 
support 610a dining a passage 610aa for receiving the tubular support member 605 
and a slot 610ab. A plurality of spaced apart and substantially identical resilient 
expansion cone segment collets 610b extend from the tubular support 610a in the axial 

30 direction that include expansion cone segnrmnts 610ba extending therefrom in the axial 
dIrecQon. Each of the expansion cone segments 610ba furthw include arcuate conical 
expansion surface 610baa for radially expanding an expandable tubular member. 

A split ring collar 615 is provided that defines a passage 615a for receiving the 
tubutar support member 605 that includes an L-shaped retaining member 615b at one 

35 end for mating with the slot 61 Oab of the tubular support 610a of the expantion cone 
segment assembly 610. Another end of the split rin g collar 615 includes an L-shaped 



retaining member 615c. A tubular sleeve 620 is provided that defines a passage 620a 
for receiving the tubular support member 605 that Includes a slot 620b for receiving the 
L-ehaped retaining member 615c of the split ring collar 615. 

During q)eration of the assembly 600, as illustrated In Figs. 1 1 and 11a, in an 
5 unexpended position, the expansion cone segments SlOba of the expansion cone 
segment assembly 610 are positioned on the cylindrical section 605bba, adjacent to 
the base of the conical section OOSbbb, of the expansion cone segment support 
members 605bb with the outside diameter of the expanston cone segments less than 
or equal to the maximum outside diameter of the assembly. As niustrated in Figs. 12 

10 and 12a, the assembly 600 may then be expanded by displacing the tubular sleeve 
620, the split ring collar 615, and the expansion cone segment assembly 61 0 In the 
axial direction towards the expansion cone segment support members 605bb. As a 
result, the expansion cone segments 610ba are driven up the conical section 605bbb 
of the expansbn cone segment support mmnbers 605bb and then onto the cylindrical 

15 section 605bbc of the expansion cone segment support members until the expansion 
cone segments impact the end stop 605c. In this manner, the outside diameter of the 
expansion segments 610ba to greater than the nrwdmum dianneter of the remaining 
components of the assembly 600. Furthemiore, the conical outer surfeoes 610baa of 
the expansion cone segments 610ba may now be used to radially expand a tubular . 

20 member. In an exemplary embodiment the outer conical surfaoes 610baa of the 

e)9)ansion cone segments 610ba In the expanded position of the assembly 600 provide 
a substantially continuous outer conical surfaces In the circumferential direction. 

The assembly 600 may then be returned to the unexpended position by 
displacing the tubular sleeve 620, the spDt ring collar 615, and the expansion cone 

25 segment assembly 61 0 In the axial directon away from the expansion cone segment 
support members 605bb. As a rssult, the expansion cone segnients 61 Dba are 
displaced off of the cylindrical section 605bbc and the conical section 605bbb and back 
onto the cylindrical section 605bba of the expansion cone segment support memt)ere 
605bb. Because the collets 61 Ob of the expansion cone segment assembly 61 0 are 

30 resilient, the expansion segments 61 Oba are thereby returned to a position in which the 
outside diameter of the expansion cone segments is less than or equal to the maximum 
diameter of the remaining components of the assembly 6(K). 

in several alternative ennbodiments. the assembly 600 is Incoiporated into the 
assemblies 200, 300 and/or 400. 

35 Referring now to Figs. 13, 13a, 13b, 13G; 14 and 14a, an embodiment of an 
adjustable expansion cone assembly 700 will be de scribed. The assembly 700 



includes a tubular support member 705 0iat defines a passage 705a and Includes an 
expansion cone support flange assembly 705b, and an end stop 706c. The expansion 
cone support flange assembly 705b includes a tubular body 706ba and a plurality of 
equally spaced apart mpansion cone segment substantially identical support members 
705bb that extend outwardly from the tubular body in the radial dirsction. The support 
members 70Sbb further include flrst sections 705bba having arcuate cylindrical outer 
surfaces, second sections 705bbb having arcuate conical outer surfaces, and third 
sections 705bbc having arcuate cylindrical outer surfaces for reasons to be described. 

An expansion cone segment assembly 710 Is provided that includes a first 
tubular support 710a defining a passage 710aa for receiving the tubular support 
member 705 that includes a slot 710ab and a second tubular support 710b defining a 
passage 710ba for receMng the tubular support member 705 that includes a plurality of 
spaced apart and substantially identical axial slots 71 (M>b. A plurality of spaced apart 
and substantialV Identical resilient expansion cone segment collets 710ac extend from 
the first tubular support 71 Oa in the axial direction and are received within 
corresponding ones of the axial slots 71 Obb in the second tubular support 710b that 
include substantiaiiy identical expansion cone segments 710aca extending therBfn)m in 
the axial direction. A plurality of spaced apart and substantiaBy identical reslHent 
expansion cone segment collets 710bc extend from the second tubular support 710b in 
the axial direction that are interleaved and overlap with the expansion cone segment 
ooHets 710ae and that inckide substantiaiiy Idenflcai mpansion cone segments 710bca 
extending therefrom In the axled direcUon. Each of the expansion cone segments. 
710aca and 710bca. further Include arcuate conical expansion surfaces. 710acaa and 
71 Obcaa. respectively, for FadlaDy expanding an expandable tubular member. A 
plurality of pins 715a-715d couple the nqianslon cone segment collets 710ac to the 
second tubular support 710b. 

A split ring odiar 720 Is prtivided that defines a passage 720a for receiving the 
tubular support member 705 that Includes an L-shaped retaining member 720b at one 
end for mating with the slot 71 Oab of the flrst tubular support 71 Oa of the expansion 
cone segment assembly 710. Aiwther end of the split ring coilar 720 includes an L- 
stKiped retaining member 720c A tubular sleeve 725 is provided that deflnes a 
passage 725a for receiving the tubular support member 705 that includes a slot 725b 
for receiving the L-shaped retaining member 720c of the spilt ring collar 720. 

During operation of the assembly 700, as illustrated in Figs. 13. 13a, 13b, and 
13c in an unexpended poslflon, the «(pansion oone segments 710aca of the 
expansion cone segment assembly 710 overlap wit h and are positioned over the 
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expansion cone segments 710bca of the expanston cone segment assembly, adjacent 
to the t)ase of the conical section 705t)bb. of the expansion cone segment support 
memtiers 70Sbto with the outside diameter of the expansion cone segments less than 
or equal to the maximum outside dianeter of the assembly. As fliustrated in Rgs. 14 
5 and 14a, the assembly 700 may then be expanded by displacing the tubular sleeve 
725, the split ring collar 720. and the expansion cone segment assend>ly 71 0 in the 
axial direction towards the expansion cone segment support members lOStib. As a 
result, the expanston cone segments. 710aca and 710bca, are driven up the conical 
section 705bbb of the expanston cone segment support members 705bb and then onto 

10 the cylindrical section 70Sbbc of the expansion cone segment support members until 
the expansion cone segments impact the end stop 7(^ In this numner, the outside 
diameter of the expanston segments, 710aca and 710bca, is greater than the 
maximum diameter of the remaining components of the assembly 700. Furthemnore, 
the conical outer surfeoes. 710acaa and 710bcaa, of the expansion cone segments, 

15 710aca and 710bca, respectively, may now be used to radially expand e tubular 
member. In an exemplary embodiment, the outer conical surfaces, 71 Oacaa and 
710bcaa, of the expanston cone segments, 710aca and 710bca, respectively, in the 
mpanded position of the assenAly 700 provide a 8id>stantially continuous outer conical 
surfeces in the drcumfsrentlal dbedton. 

20 The assembly 700 may then be returned to the unmpanded position 

displacing the tubular stoeve 720. the split ring collar 715, and the expansion cone 
segment assend>ly 710 In the axial direction away from the expansion cone segment 
support members 70Sbb. As a result, the expansion cone segments, 710aca and 
710bca, are displaced off of the ^drical section 705bbc and the conical section 

25 70Sbbb and back onto the cylindrical section 70Sbba of the expanston cone segment 
support monbers 705bb. Because the collets, 710ac and 710bc of the expansion 
cone segment assembly 710 are resilient, the expansion segments. 710aca and 
710bca. are thereby returned to a position tn which the outside diameter of the 
expansion cone segments is less than or equal to the maximum diameter of the 

30 remaining components of the assembly 700. 

In several alternative embodiments, the assembly 700 is incorporated into the 
assembltos 200. 300 and/or 400. 

RefiBrrlng to Rgs. 15 and 15a-iq. an aitemativa embodiment of an apparatus 
800 for fomiing a weilbora casing In a subterranean fbnnation wID now be described. 

35 The apparatus 800 includes a tubular support menter 805 defining an internal 
passage 805a that to coupled to an end of a tubular coupling 810 defining an internal 
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passage 810a. The other end of the tubular ooupTvig 810 Is coupled to an end of a 
tubular support member 815 defining an internal passage 815a having a throat 
passage 815aa that includes a first radial passage 815b, a first flange 815c having a 
second radial passage 81 5d, a second flange B15e having opposite shoulders, B15ea 

5 and 815eb, a third flange 815f, and an expansion cone support body 815g. The other 
end of the tubular support member 815 is coupled to a tubular end stop 820 that 
defines a passage 820a. 

As illustrated in Figs. 15d and 1 5e, the expansion cone support body 81 5g 
includes a first end 815ga, a tapered hexagonal porUon 815gb that includes a plurality 

10 of T-shaped slots 81 Sgba provided on each of the extemal faceted surfaces of the 
tapered hexagonal portion, and a second end 815ga In an exemplary embodiment, 
the angle of attack of the tapered hexagonal portion 81Sgb ranges from about 35 to 50 
degrees for reasons to be described. 

As Illustrated in Figs. 15. 15a-15c, and 15f-15j, a plurality of expansion cone 

15 segments 825 are provided that include first ends 825a that include T-shaped retaining 
members 825aa and second ends 825b that Include T-shaped retaining members 
825ba that mate with and are received within corresponding T-shaped slots 815gba on 
the tapered hexagonal portion 815gb of the expansion cone support body 815g. first 
extemal surftioes B25bb, second external surfaces 825bc and third extemal surfaces 

20 825bd. Thus, In an exemplary embodiment a total of six expansion cone segments 
825 are provided that are sfidably coupled to corresponding sides of the tapered 
hexagonal portion 81Sgb of the expansbn cone support body 815g. 

in an exemplary embodiment, the widths of the first extemal surfaces 825bb of 
the expansion cone segments 825 increase in the direction of the second extemal 

25 surtaces 825bc» the widths of the second external surfooes are substantially constant, 
and the vrtdths of the third extemal surfaces 825bd decraase in the direction of the first 
ends 825a of the expanston cone segments for reasons to be described. In an 
e»mplary embodiment the first extemal surfaces 825bb of the expansion cone 
segments 825 taper upwardly in the direction of the second extemal surfaces 825bc, 

30 the second external surfaces taper upwardly in the direction of the third extemal 
surfaces 825bd, and the third extemal surfaces 825bd tapw downwardly in the 
direction of the first ends 825a of the expanston cone segments for re^ns to be 
described. In an exemplary embodiment the angle of attack of the taper of the first 
extemal surfaces 825bb of the expansion cone segments 825 are greater than the 

35 angle of attack of the taper of the second extemal surfaces 825bc. Inan»emplary 
embodiment the first and second external surfaces , 82Sbb and 825bc of the 



3-» 

expansion cone segments 825 are arcuate such that when the expansion cone 
segments 825 are displaced in the direction of the end stop 420. the first and second 
external surfaces of the expansion oone segntents provide a substantially continuous 
outer drcuntferential surface fior reasons to be described. 
5 As illustrated in Ftg. 15i, in an ewmplary embodiment, the ndemai surfaces. 

825bb. 82Sbc and 825bd. of the second ends 825b of the expansion oone segments 
825 are adapted to mate with one anottor in order to interlodc adjaoant expansion 
cone segments. 

A split ring collar 830 that defines a passage 830a for receiving the tubular 

10 support member 815 is provided that includes a first end that includes pluraDty of T- 
shaped slots 830b for receiving and maflng with conesponding T-shaped retairting 
members 825aa of the expansion cone segments 825 and a second end that includes 
an L-shaped retaining member B30a In an exemplary embodiment, the split ring collar 
830 is a conventional split ring collar commercially available from Halliburton Energy 

15 Services modified in accordance with the teachings of the present disclosure. 

A dog assembly 835 Is provided that includes a tubular sleeve 835a that defines 
a passage 835aa for receiving the tubular support member 815 and includes a slot 
835ab fbr receiving and mating with the L-shaped retaining member 830c of the split 
ring collar 830, a oounterbore 83Sac and a radial passage 835ad. An end of a load 

20 transfer pin 835b passes through the radial passage 835ad and Is coupled to a 
retainir^ ring 83Sc that defines a passage 835ca for receiving the flange 81 Sf of the 
tubular support member 815 and is received within the counterbore 835ac of the 
tubular sleeve. A ring 835d that defines a passage 83Sda fbr rsoeiving the tubular 
support member 815 and a siting 835e are also received within the counterbore 835ac 

25 of the tubular sleeve 835a between the flange 815f and the end of the counterbore. 
The other end of the toad transfer pin 835b is coupled to an end of a tubular sleeve 
835f that includes a counterbore 835fia for receiving the tubular sleeve 835a, a radial 
passage 835fb for receiving a conventional resilient dog 835g, a counterbore 835fc fbr 
reoei\Hng and matir^ with the flar^e 81 Se of the tubular support member 815, a flange 

30 635fd, and a flange 83Sfe including counterbores, 835fr and 835fg. that mate with and 
receive the flange 81 5c of the tubular support member, and a radial passa£^ 835fh. 

A first conventional packer cup assembly 840 that defines a passage 440a for 
reo^ng the tubular sleeve 835f indudra a first end 840b that mates with the flange 
' 83S(d(rf the tubular sleeve 83Sf, a conventional sealing cup 840c and a second end 

35 840d. A tubular spacer 845 that defines a passage 845a fbr receiving the tubular 
sleeve 835f includes a firet end 845b that mates with the secorwi end 840d of the first 



packer cup assembly 840 and a second end 845a A second conventional packer cup 
assembly 850 that defines a passage 850a for receiving the tubular sleeve 835f 
includes a first end 850b that mates wllh the second end 845c of the spacer 845. a 
conventional sealing cup 850c, and a second end 850d that mates with the flange 

5 83Sfe of the tubular sleeve. 

In an exemplary embodiment, during operation of the apparatus 800, as 
Illustrated In Figs. 15 and I5a-iq. the apparatus may be initially positioned In the 
wellboie 100, viHthin the casing 110, with the dog assembly 835 positioned In a neutral 
position in which the radial passage 815d of the tubular support member 815 is fluWidy 

10 coupled to the radial passage 835fh of the dog assembly 835 and the expansion cone 
segments 825 are not driven up the tapered hexagonal portton 81 5gb of the expansion 
cone suwort body 81 5g of the tubular support member 815 Into contact with the stop 
member 320. In this manner, fluldic materials within the Interior 815a of the tubular 
support member 815 may pass through the radial passages, 815d and 835fh, Into the 

15 annuius between the apparatus 800 and the casing 1 10 thereby prevenflng over 

pressurizatton of the annuius. Furthemwre, In this manner, the outsWe diameter of the 
expansion cone segments 825 Is less than or equal to the outside diameter of the stop 
member 820 thereby permitting the apparatus 800 to be displaced within the casing 
110. 

20 As Illustrated in Figs. 16. and 16a-16e. the apparatus 800 may then be 

positioned in the tubular member 120. During the Insertton of the apparatus Into the 
tubular member 1 20, the upper end 120b of the tubular member may impact the end of 
the resiBent dog 83Sg of the dog assembly 835 thereby driving the resilient dog 83Sg 
backwards onto the shoulder 815ea of the flange 815e of the tubular support member 

25 815. As a result of the backward axial displacement of the resilient dog 835g, the 
tubular sleeve 835f, the pin 835b. the retaining ring 835c, the ring 835d. and the spring 
83Se of the dog assembly 835 are driven backward thereby compressing the spring 
835e aul applying an aidal bbslng force to the tubular deeve 835a that prevents the 
expanston cone segments 825 from being displacad toward the end stop 820. 

30 The apparatus 800 may then be at least partially poslttoned in the open hole 

sectnn 1 1 5a of the wwllbors sedton 1 1 5. beyond the lower end 120c of the tubular 
member 120. In an exemplary embodiment, that porflon of the apparatus 800 that 
includes the stop member 820. the expansion cone segments 825, the split ring collar 
830. and the dog assembly 835 is then positioned in the open hole sedton 11 5a of the 

35 wellborB sedton 115, beyond the lower end 120 of the tubular memberfor reasons to 
bedescribed. Because the dog 835g of the dog as sembly 835 is resUient. once the 
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apfwatus 800 has been positioned in the open hole section 1 15a of the wellbore 
section 1 1 5, beyond the lower end 120c of the tubular member 120. the resilient dog of 
the dog assembly may spring outwardly in the radial direction. 

The apparatus 800 may then be repositioned at least partially back within the 
5 tubular member 120. During the re-Insertion of the apparatus into the tubular member 
120. the tower end 120c of the tubular member may impact the ends of the resilient 
dog 835g of the dog assembly 835 thereby driving the resilient dog forward unfil the 
resilient dog is positioned onto the shoulder 815eb of the flange 81 5e of the tubular 
support member 815. 

10 As a result of the forward axial displacement of ttie resilient dog 835g. the 

tubular sleeve 835f. the spring 835e, the ring 835d, the ring 835c the pin 835b, and the 
tubular sleeve 835a are displaced in the fbnvard axial direction thereby also displacing 
the split ring collar 830 and the expansion cone segments 825 in the fonrard axial 
direction. As a result, the expansion cone segments 825 are driven up the tapered 

1 5 hexagonal portion 81 5gb of the expansion cone support body 81 5g of the tubular 

support member 81 5 into contact with the stop member 320. Furthemnore, as a result 
OF the fbnMard axial dteplaoement of the tubular sleeve 835f. the radial passages, 815d 
and 835fh, are fluidldy decoupled. As a result fluldic materials within the tubular 
support member 81 5 may not pass into the annulus between the tubular support 

20 member and the tubular member 120. 

As a result of the fonward axial displacement of the resilient dog 435e, the 
outside diameter of the expansion cone segments 825 is now greater than the Inside 
diameter of expandable tubular member 1 20 thereby permitting the apparatus 800 to 
be used to radially expand and plastically defomi the tubular member, and fluldic 

25 materials within the interior 81 5a of the tubular support member 815 may no longer 
pass through the radial passages, 815d and 455ed, into the annulus between the 
apparatus 800 and the tubular member thereby penmitting the interior of the apparatus 
to be pressurized. 

The apparatus 800 may then be operated to radially expand and plastically 
30 defomn the tubular member 120 by applying an upward axial force to the tubular 
support member 815 and/or by Injecting a pressurized fluldic material Into the tubular 
support member. 

In particular, as illustrated in Rgs. 17 and 17a-17c the expandable tubular 
member 120 may then be radially expanded using the apparatte 800 by irijecting a 
35 fluldic matoriai 275 into the apparatus through the passages 805a. 810a, 81 5a. and 
820a The Injection of the fluldic nraterial 275 rnaypressurtze the Interior 120a of tt^ 



expandable tubular member 120. In addition, because the packer cup assemblies, 840 
and 850. seal off an annular region 120aa below the packer cup assemblies belMteen 
the expandable tubular member 120 and the tubular support member 815, the Ir^edkm 
of the fluidic material 275 may also pressurize the annular regkm. 

5 The continued injedkm of the fluMic material 275 may then pressurize the 

interior 1 20a of the expandable tubular men^r 120 thereby piastkaliy deforming and 
radially expanding the expandable tubular member off of the expansion cone segments 
825. Because the outer suffeces. 825bb and 825bc of the expansion cone segmerris 
825 are tapered, the plastic defbm»tion and radial expansion of the expandable 

1 0 tubular member 120 pixnAnate the expansion cone segments is facilitated. 
Furthermore, In an exemplaty embodiment, the continued iniecHon of the fluldic 
material 275 also pressurizes the annular regton 120aa defined between the Interior 
surface of the expandable tubular member 120 and the exterior surface of the tubular 
support member 815 that is bounded on the upper end by the packer cup assembly 

15 840 and on the lower end by the expansion cone segments 825. Furthentwre, in an 
exemplary embodiment, the pressurization of the annular region 120aa also radially 
expands at least a portton of the sumjunding portton of the expandable tubular member 
120. In this manner, the plastic defbnnatUm and radial expanston of the expandable 
tubular member 120 is enhanced. Furthermore, during operalton of the apparatus 300, 

20 the packer cup assemblies 840 and 850 prevent the pressurized fluMIc material 275 
fiom passing above and beyond the packer cup assemblies and thereby define the 
leng&t of the pressurized annular region 1 20aa. in an exemplary embodiment, the 
pressurizatton of the annular regton 120aa decreases the operating pressures required 
for plastie delbrmatkm and radial «(panston of the expandable tubular member 1 20 by 

25 as much as 50% and also reduces the angle of attack ofthefapered external sifffiaces, 

825bb and 825bc of the expansion cone segments 825. 

The radial expansion of the expandable tubular member 120 may then continue 
until the upper end 120b of the expandable tubular member Is radially expanded and 
ptastlcally defonned atong with the overiapping portton of the wellbore casing 110. 

30 Because the expansion cone segments 825 may be adjustably positioned frwn an 
outside diameter less than the inside diameter of the expandable tubular member 120 
to an outside diameter substentlally equal to the inside diameter of the prMxisBng 
casing 1 10, the resulting wellbore casing, including the casing 1 1 0 and the radially 
expanded tubular member 1 20. created by the operation of the apparatus 800 may 

35 have a singte substantial^ constant Inside diameter thereby provUing a nxjno-diameter 
wellbore casing. 
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During the radial expansion process, the expansion cone segments 825 may be 
raised out of the expanded portion ofthetut)ularmeml)er 120 by applying an upward 
axial force to the tubular support member 815. In a preened embodiment, during the 
radial expansion process, the expansion cone segments 825 are raised at 
5 approximately the same rate as the tubular noember 120 is expanded in onJer to keep 
the tubular member stationary relafive to the new wellbore section 115. 

In a prefened embodiment, when the upper end portion of the expandable 
tubular member 120 and the lower portion of the wellbore casing 1 10 that overiap wHh 
one another aro plastically deformed and radially expanded by the expansion cone 

1 0 segments 825, the expansion cone segments aro displaced out of the wellbore 1 00 by 
both the operating pressure within the interior of the tubular member 120 and a 
upwardly directed axial force applied to the tubular support member 405. 

In a prefened embodlmOTt, the operating pressure and flow rate of the fluidic 
material 275 is controllably romped down when the expansion cone segments 825 

1 5 reach the upper end portion of the expandable tubular member 1 20. In this manner, 
the sudden release of pressure caused by the complete radial expansion and plastic 
deformation of the expandable tubular member 1 20 off of the expansion cone 
segments 825 can be minimized. In a preferred embodiment, the operating pressure Is 
reduced in a substantially linear fashion flrom 100% to about 10% during the end of the 

20 extrusion process beginning when the expansion cone segments 825 are within about 
5 feet (1 .524 m) from completion of the extmsion process. 

Altemath^ly. or in combination, the wall thldcness of the upper end portion of 
the expandable tubular nramber 120 Is tapered In order to gradually reduce the 
required operating pressure for plastically defbnnii^ and radially expanding the upper 

25 end portion of the tubular member. In this manner, shock toading of the apparatus is at 
least reduced. 

Altematlvely. or In combination, a shock absorber is provided in the tubular 
support member 805 in order to absorb the shock caused by the sudden release of 
pressure. The shock absorber may comprise, for example, any conventional 
30 commercially available shock absorber, bumper sub, or jare adapted for use in wellbore 
operattons. 

Altematlvely. or in combination, an expanston cone catching structure Is 
provWed in the upper end portion of the expandable tubular member 120 In order to 
catch or at least decelerate the expansion cone segments 825. 
35 Alternatively, or in oomblnatton, during the radial expansion process, an upward 

axial force is applied to the tubular support member 815 suffitient to plastically deform 



and radially expand the tubular member 120 off of the external surfaces. 225bb and 
22Sbc of the expansion cone segments 825. 

AHematlvely, or In combination. In order to fadlMate the pressurizatlon of the 
Interior 120a of the expandable tubular member by the Injection of the fluldie materials 
275. the region within the vxellbore section 115 below the apparatus 800 may be 
fluididy sealed off in a convention manner using, for example, a padcer . 

Once the radial expansion process is completed, the tubular support member 
805. the tubular support member 81 0, the tubular support member 81 5, the end stop 
820. the expansion cone segments 825. the split ring collar 830. the dog assembly 835, 
the padcer cup assembly 840. the spacer 845. and the packer cup assembly 850 are 
removed 1mm the vmilbores 100 and 1 15. 

If the expansion cone segments B25 become lodged within the expandable 
tubular member 120 during the radial expansion process, then a ball 280 may be 
placed in the throat 81 5aa of the passage 81 5a of the tubular support member 81 5. 
me continued Injection of the fluidic material 275 following the placement of the ball 
280 in the throat 81 5aa of the passage 81 5a of the tubular support member wOl then 
pressurize the radial passage 815b and an annular portion 835fga of the countortwre 
835^. As a result of the pressurization of the annular portion 838liga of the 
countertwre 835fg. the tubular sleeve 835f, the pin 835b. the retaining ring 835c the 
ring 835d. the spring 835e. and the tubular sleeve 835a of the dog assembly 835. and 
the spilt ring cdiar 830 are driven backward thereby dispiadng the expansion cone 
segments 825 backwards in the axial direction away ftam the end stop 820. tnthls 
manner, the outside diameter of the expanston oone segments 825 Is thereby reduced 
and the apparatus 800 may then be removed firom the expandable tubular member 
120. 

Referring now to Figs. 18a, 18b, 18c and 18d. an embodiment of an adjustable 
expanskm cone assembly 900 wlli be described. The assembly 900 indudes a tubular 
support member 906 that defines a passage 905a and indudes an expanston cone 
support flange assembly 905b that is coupled to an end stop 910 that defines a 
passage 910a. The expand cone support flange assembly 905b indudes a first 
tubular end 90Sba. a second tubular end 905bb. and an intermediate hexagonal 
conical tubular body 905bc that indudes a plurality of substantially identical and equally 
spaced apart expanston cone segment support slots 905bcaa-905bcaf on each of the 
facets of the hexagonal tubular body. 

A plurality of first expanskwi oone segments 91Sa-81Sc are provMed that 
indude T-shaped retaining members 915aa-915ca that mate vi>ith and are movabty 



raoeivsd within the T-shaped slots 905bcaa, 90Si)cac and 905bcae of the hexagonal 
conical tubular body 905bc of the expansion cone support assembly 905b, T-shaped 
retaining members 915ab-915cb, exterior top surfaces 915ao-915cc exterior top 
surfaces 915ad-915od, mterior top surfeoes 91Sae-915oe, exterior top surboes 915af- 
5 915cf, and exterior top surfaces 91 5ag-915cg. In an exemplary embodiment, the 
exterior top surfaces 915ao-915cc and the exterior top surfeoes 915ad-915Gd are 
arcuate conical surfaces In which the angle of attack of the exterior top surfaces 915ao- 
915CC is greater than the angle of attack of the exterior top surfeoes 915ad-915cd. 

A plurality of second expansion cone segments 920a-920c that are interieaved 

10 with and complementary shaped to the first expansion cone segments 91 5a-91 5c, are 
also provided that include T-shaped retaining members 920aa-920ca that mate with 
and are movably received within the T-shaped slots 905bcab, 905bcad, and 905bcaf of 
the liexagonal conical tubular body 905bc of the expansion cone support assembly 
905b, T-shaped retaining niembers 920ab-920cb, exterior top surfeoes 920ac-920cc, 

1 5 exterior top surfaces 920ad-920cd, exterior top surfaces 920ae-920ce, exterior top 
surfeoes 920af-920cr. and exterior top surfeoes 920ag-g20cg. In an exemplary 
embodiment, the exterior top surfeoes 9^o-Q20oc and the exterior top surfeoes 
920ad-92Dcd are arcuate conical surfaces in which the angle of attack cH the exterior 
top surfeoes 920ao-920oc is greater than the angle of attack of the exterior top 

20 surfeoes 920ad-920cd. 

A split ring collar 925 is provided that defines a passage 925a for reoehrfng the 
tubular support member 905 that includes an L-shaped refeining member 925b et one 
end and another end of the split ring collar 925 includes T-shaped stots, 925c 925d. 
925e, 925r, 925g, and 925h. for mating with and receiving the T-shaped refeining 

25 members, 915ab, 920ab, 915bb, 920bb, gi5cb, and 920cb, of the expansion cone 

segments, 915a, g20a, 91Sb, g20b, 915c, and 920c, respectively. A tubular sleeve 930 
Is provided that defines a passage 930a for receiving the tubular support member 905 
and that also includes a slot 930b for receiving and mating with the L-shaped refeining 
member 925b of the split ring ccdiar 925. 

30 During operation of the assembly 900, as illustrated in Figs. 18d, 18b, 18c and 

18d, in an unexpended position, the expanston cone segments, 915a, 915b, 915c 
915d, 920a, 920b, 920c and 920d are posittoned adjacent to the base of tte 
hexagonal conical tubufer body 905bc of the expanston cone support flange 905b away 
ftom the end stop 91 0. In this manner, the outside diamet^^ of the expansion cone 

35 segments is less than or equal to the maximum outskle dfemeter of the assembly. 
Furthermore, in the unexpended position, the expanston cone segmenfe, 915a, 915b, 



and 915c, are posllioned further away from the end stop 910 than the expansion cone 
segments. g20a. 920b. and 920c. 

As Illustrated In Figs. 19 and 19a. the asseml)ly 900 may then l>e expanded l»y 
displacing the tubular sleeve 930 and the spit ring collar 926 In the axial direction 
towaixls the expansion cone segment support members 705bb. As a result, the 
expansion cone segments. 915a. 915b. 915c. 920a. 920b, 920c are driven up the 
hexagonal conical tubular body 905bc of the expansion cone support flange 905b until 
the expansion cone segments impact the end stop 910. in this manner, the outside 
diameter of the expansion segments. 915a, 915b. 915c. 920a, 920b. and 920c Is 
greater than the maximum diameter of the remaining components of the assembly 900. 
Furthemwe. the conical outer surfaces, 915ac. 915bc, 915cc. 920ac 920bc and 
920CC and the conical outer surfaces. 915ad. 915bd. 915cd. 920ad. 920bd. and 920cd 
of the expansion cone segments. 915a. 915b. 915c. 920a. 920b. and 920c 
respectively, may now be used to radially expand a tubular member. In an exemplaiy 
embodiment, the outer conical surf&ces. 915ac 915bc. 915cc 920ac 920bc and 
920CC and the conical outer surfaces. 915ad. OlSbd, 015od, 020ad, 820bd. and 920cd 
of the expansion cone segments. 015a. 915b. 915c 920a. 920b, and 920c 
respectively, In the expanded position of the assembly 900. provide a substantially 
continuous outer oonical surfiaces in the drcumterentlal direction. Furthermore, note 
that in the expanded position of the assembly 900. the first set of expansion cone 
segments, 915a. 915b, and 915c, are brought into alignment with the second set of 

expansion cone segments, 020a, 920b. and OMc 

The assembly 900 may then be returned to the unexpended position by 

displacing the tubular sleeve 930 and the split ring collar 925 in the axial direction away 
from the end stop 910. As a result, the expansion cone segments. 915a, 915b, 915c 
9208, 920b. and 920c are displaced away from the end top 910. down the conical 
hexagonal tubular member 905bc and thereby are returned to a position In VKhlch the 
outside diameter of the expansion cone segments is less than or equal to the maximum 
diameter of the remaining componente of the assembly 900. 

in several alternative embodiments, the assembly 900 is Incorporated Into the 
assembDes 200, 300, 400. and 800. 

Referring to Fig. 20a. an embodiment of an expansion cone segment assembly 
1000 includes Interiocking expansion cone segmente. 1000a, 1000b. 1000c lOOOd, 
lOOOe. and lOOOf. 
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Referring to Fig. 20b, an embocfiment of an expansion cone segment sffisembly 
1100 Includes interlocidng expansion cone segments, 1100a. 1100b, IIOOc. 1100d, 
1100e.and1100f. 

Inferring to Fig. 20c an embodiment of an expansion cone segment assembly 
5 1200 Indudes intertoddng esq>ansion cone segments, 1200a. 1200b, 1200e. 1200d. 
1200e.end1200f. 

Referring to Fig. 20d, an embodiment of an expansion cone segment assembly 
1300 indudes inteilocking mpansion cone segments. 1300a, 1300b, 1300c 1300d, 
1300e, and 1300f. 

10 Referring to Fig. 20e, an embodiment of an expansion cone segment assembly 

1400 indudes interlodcing expansion cone segments, 1400a, 1400b. 14(K)c 1400d. 
1400e, and 1400f. 

Referring to Fig. 20f. an embodiment of an expansion cone segment assembly 
1500 indudes interlodcing expansion cone segments, 1500a, 1500b, 1500c ISOOd, 
15 1500e.and15O0f. 

Referring to Rg. 20g, an embodiment of an expansion cone s^ment assembly 
1600 indudes interlodcing expansion cone segments, 1600a, 1600b, 1600c 1600d, 
1600e, and 1600f. 

Referring to Fig. 20h, an embodin>ent df an expansion cone segment assembly 
20 1700 Indudes interlodcing expansion cone segments. 1700a. 1700b, 1700c 1700d, 
1700e,and1700f. 

RefMng to Rg. 201, an embodlmertf of an expansion cone segment assembly 
1800 Indudes interlocidng ocpanslon cone segments, 1800a. 1800b. 1800c 1800d. 
1800e.and1800f. 

25 Referring to Fig. 20|, an embodiment of an expansion cone segment assembly 

1900 indudes Interioddng expamion cone segments. 1900a, 1900b. 1900c 1900d, 
1900e.and1900f. 

Referring to Fig. 20k, an embodiment of an expansion cone segment assembly 
2000 indudes interlocking expansion cone segments. 2000a, 2000b. 2000c 2000d. 
30 2000e.and2000f. 

Referring to Rg. 201, an embodiment of an expanston cone segment assembly 
2100 indudes interlocking expansion cone segments. 2100a, 2100b, 2100c 2100d, 
2100e. and 2100f. 

(Referring to Fig. 20m, an embodinrant of an expansion cone segment assemt)ly 
35 2200 includes Interioddng expansion cone segmente. 2200a, 2200b, 2200c 2200d. 
2200e. and 2200r. 



The expansion oone segment assemblies 1000, 1100. 1200, 1300, 1400, 1500, 
IjBOO, 1700, 1800. 1900, 2000, 2100, and 2200 provide enhanced opeiationai 
properties such as, for mample, efficient radial expansion of ocpandable tulHilar 
members and durability during operation. 
5 in several alternative embodiments, the design and operational features of the 

apparatus 200. 300. 400. 500. 600, 700, 800, 900, 1000, 1 100. 1200. 1300. 1400, 
1500, 1600, 1700, 1800, 1900, 2000, 2100, and 2200 may be combined. In whde or In 
part, and/or the design and operational elements of the apparatus 200, 300, 400. 500, 
600. 700. 800, 900, 1000, 1100. 1200, 1300, 1400, 1500, 1600, 1700. 1800. 1900. 
10 2000, 2100, and 2200 may be interspersed among each Other. 

In several alternative embodiments, the apparatus 200, 300, 400. 500. 600, 
700, 800, 900, and 1000. 1100. 1200. 1300. 1400, 1500. 1600. 1700, 1800, 1900. 
2000, 2100, and 2200 may be used to form or repair wellbore casings, pipelines, or 
stmctural supports. 

15 in several alternative embodiments, the apparatus ^0, 300, 400. 500. 600. 

700. 800, 900, 1000, 1100. 1200, 1300, 1400, 1500, 1600. 1700. 1800. 1900, 2000. 

2100, and 2200 include two or more expansion cone segments that may be movably 

support and guided on a tapered expansion cone support body that may, for example. 

be conical, or may be a multi-sided body. 
20 In several alternative embodiments, the design and operation of the apparatus 

200. 300. 400, 500, 600, 700, 800. 900. 1000. 1100. 1200. 1300, 1400, 1500. 1600. 
1700. 1800. 1900. 2000. 2100, and 2200 are provided substantially as disclosed In one 
or more of the following: (1) U.S. patent application serial na 08M54,139, attorney 
docket no. 25791 .03.02. filed on 12/3/1999, (2) U.S. patent application serial no. 

25 09/510,913, attorney dodcet no. 25791.7.02. filed on 2/23/2000. (3) U.S. patent 

application serial na 09^2,350, attonn^ dodcet no. 25791.8.02, filed on 2/10/2000. 
(4) U.S. patent application serial no. 09/440.338. attorney docket no. 25791.9.02, filed 
on 1 1/1 5/1 999, (5) U.S. patent application serial no. 09/523.460. attorney docket no. 
25791 .1 1.02, filed on 3/10/2000. (6) U.S. patent applicatton serial no. 09/512,895, 

30 attorney docket no. 25791 .1 2.02. filed on 2/24/2000, (7) U.S. patent appycatton serial 
no. 09/511,941. attorney docket no. 25791.16.02, filed on 2^4/2000. (8) U.S. patent 
sppllcation serial no. 09/588.946. attorney docket no. 25791.17.02. filed on 6/7/2000. 
(9) U.S. patent application serial no. 09/559.122. attorney docket no. ^91 .23.02. filed 
on 4/26/2000. (10) PCT patent application serial no. PCTAJSOO/18635, attorney docket 

35 no. 25791 25.02, filed on 7/B/2000. (1 1 ) U.S. provistonal patent application serial no. 
60/162.671, attorney docket no. 25791 .27. filed on 1 1/1/1999. (12) U.S. provisional 
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patent application serial no. 60/154.047. attorney docket no. 25791 29. filed on 
9/16/1999, (13) U.S. provisional patent application serial no. 60/159.082, attorney 
dodcet no. 25791.34. filed on 10/12/1999, (14) U.S. prowisionai patent application serial 
no. 60/159,039. attorney docket no. 25791.36. filed on 10/12/1999, (15) U.S. 

5 provistonal patent appllcatton serial no. 60/159,033. attorney docket no. 25791 .37. filed 
on 10/12/1999, (16) U.S. provisional patent application serial no. 60/212,359, attorney 
docket no. 25791.38. filed on 6/19/2000. (17) U.S. provisional patent applicatkm serial 
no. 60/165,228, attorney docket no. 25791.39. filed on 11/12/1999. (18) U.S. 
provisional patent application serial no. 60/221 .443, attorney docket no. 25791 .45, filed 

10 on 7/28/2000. (19) U.S. provisional patent appBcatton serial no. 60/221 ,645. attorney 
docket no. 25791.46. filed on 7/28/2000, (20) U.S. provistonal patent application serial 
no. 60/233.638, attorney docket na 25791.47. filed on msiTOOO, (21) U.S. provisional 
patent application serial no. 60/237,334, attorney docket no. 25791 .48, filed on 
10/2/2000, (22) U.S. provisional patent application serial no. 60/270,007, attorney 

1 5 docket no. 25791 .50, filed on 2/20/2001 ; and (23) U.S. provisional patent applteatton 
serial no. 60/262,434, attorney docket no. 25791.51. fited on 1/17/2001; and (24) U.S. 
provisional patent application serial no. 60/^9,486. attorney docket no. 25791 .52. fited 
on 1/3/2001. the disclosures of which are Incorporated herein tiy reference. 

ARhough Illustrative emt)odimente of the invention have bem shown and 

20 described, a wkte range of modification, changes and sul>stitutton is oonlemplatBd in 
ttw foregoing disclosure. Accordingly, it is appropriate that ttw appended claims be 
construed broadly. 
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Claims 

1. Amethod of plastlcallydefbfTning and radlaBy expanding an expandable tubular 
member using an apparatus comprising a tubular support member, an adjustable 
expansion dewlce movably coupled to the tubular support member, and an actuator 
5 mowablycoupiedtothetubular8upportmember(bra<«ustir»9thea<«u8tableexpan8^ 

device, comprising: 

coupling a first end of the expandable tubular member to a tubular structure; 

inserting the apparatus Into the first end of the expandable tubular member in a 
first direction: 

10 displadngtheaduatoroftheapparatusinaseconddirectionopposltetothe 
first direction; 

applying a feslUent biasing force to ttie adjustable expansion device In the 
second direction; 

moving the actuator and the adjustable expansion device of the apparatus out 
15 of a second end of the expandable tubular member. 

reinserting the actuator of the apparatus Into the second end of the expandable 
tubular member in the second direction; 

increasing the outside diameter of the adjustable expansion device by 
displacing the actuator and the adjustable expansion device relathre to the expandable 
20 tubular member In the first direction; and 

plastically defbmilng and radially expanding the expandable tubular member by 
moving the adjustable expansion device through the expandable tubular member In the 
second direction. 

25 2. Themethodofcialm1.v«»hereindi8placingtheactuatoroftheapparatu8lnthe 

second direction comprises: 

impacting the actuator with the first end of the expandable tubular member. 

3. The method of daim 1, wherein dlspladng the actuator and the adjustable 
30 expansion device relative to the expandable tubular member In the first direction 

comprises: 

impeding the aduator with the second end of the expandable tubular member. 

4. Themethodofdalml.wheiBinmovingtheadjustableexpanslondevlcethrough 

35 the expandable tubular member comprises: 

pulling the adjustable expansion device thiough the expandable tubular 
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member. 

5. The method of claim 1 . further comprising: 

fluididy sealing the interface t>etween the tubular support member of the 
5 apparatus and the expandable tubular memben 

wherein moving the adjustable expansion device through the expandable 
tubular member comprises: 

injecting a pressurized fluid into the tubular support member. 

10 6. An apparatus for plastically defonming and radially expanding an expandable 
tubular member, comprising: 

a tubular support member; 

an adjustable expansion device movably coupled to the tubular support 
memben 

15 actuating means fbr actuating the adjustable expansion device; 

means fbr displacing the actuating means of the apparatus in a first direction; 
means fbr applying a resilient biasing fbroe to the adjustable expansion device 
when the actuating means is displaced In the first direction; 

means for increasing the outside diameter of the adjustable expansion device 
20 by displacing the actuating means and the adjustable expansion device relative to the 
expandable tubular member In a second direction opposite to the first direction. 

7. The apparatus of daim 6, wherein the means fbr displacing the actuating means 
of the apparatus In the first direction comprises: 

25 means for impacting the actuating means. 

8. The apparatus of daim 6, wherein the means fbr displadng the actuating n^ans 
and the adjustable expansion device relative to the expandable tubular member in the 
second direction comprises: 

30 means fbr impacGng the actuating means. 
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